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incisive foramina (13) are long, thin, and not noticeably constricted; the 
posterior edges are nearly aligned with the anterior of the toothrows. The 
spheno-pterygoid canals (14) are smaller; foramina ovale (15) evident. 
Auditory bullae (16) are medium and inflated. The foramen magnum (17) is 
large. Toothrows are long, and M3 (18) has three closed triangles. 

Lateral: The dorsolateral outline is relatively level. The nasals (19) do not 
extend beyond the premaxillaries (20). The infraorbital foramen (21) is larger, 
slitlike, and high on the rostrum. Zygomatic arches (22) are deeper and 
elevated to approximately the midline of the skull. The ventral surface of the 
auditory bullae (23) is approximately aligned with the grinding surface (24) of 
the molars; the auditory meatus (25) is larger. The incisors (26) are 
procumbent. 

Mandible: The mandible is stout and the body curved; the ramus region (27) is 
smaller than in mice. The coronoid process (28) is slender and pointed, with a 
tip that points to the posterior; the coronoid sits well forward and just below 
the condyle (30). The condyloid process (29) is large, high, thick, and 
rectangular; the condyle (30) sits far above the toothrow. The angular process 
(31) is long and slender, and it points upward. Roots of the lower incisors 
extend behind and to the outside of molars. The drop from the anterior edge of 
the molars (32) into the diastema is vertical. 

Similar species: Other voles, bog lemmings, mice, and pocket gophers. 


Common muskrat, Ondatra zibethicus 


Greatest length: 58.2-72.3 mm (23/10—28/10 in.) (full table of measurements 
page 570, life-size image page 121, life-size jaw page 163) 

Specimen illustrated: Adult (?) male, MVZ 97830 

Dentition: i 1/1 c 0/0 p 0/0 m 3/3, total 16. 

Dorsal: Muskrat skulls are larger versions of vole skulls, rugose, angular, and 
with strong, widespreading zygomatic arches. The rostrum (1) is shorter, 
slender, and stout; the nasals (2) are triangular, tapering toward the posterior. 
The zygomatic arches (3) are heavy and spread much wider than the braincase. 
Tiny lacrimal bone projections (4) occur on the dorsal corner of the maxillary 
arm. The orbits (5) are large, and the interorbital breadth (6) is extremely 
narrow and high, allowing ample view of the maxillary bones; there is often a 
sharp crest (7) following the midline of the frontal bones. The anterior edge of 
the squamosal has a strong angular projection (8), which contributes to the 
braincase having a squared appearance. The braincase (9) is large, constricted 


(10) to the posterior, and approximately 50 percent of the greatest length of 
skull; temporal ridges (11) are developed. The interparietal (12) is small and 
rectangular. 

Ventral: The palate (13) is multitiered, complex, and perforated (14); there is a 
spinelike projection (15) over the pterygoid region. The incisive foramina (16) 
are long and thin, and the posterior edges are aligned with the anterior of the 
toothrows. The spheno-pterygoid canals are small (33) and compressed; 
foramina ovale (17) evident. Auditory bullae (18) are medium and inflated. 
The foramen magnum (19) is medium. Toothrows are long, and the teeth 
descend in size to the posterior; the first lower molar (20) has five closed 
triangles (loops). 

Lateral: The dorsolateral outline is relatively level, gradually sloping up to the 
apex (21) above the jugal bones from either end. The nasals (22) are 
approximately aligned with the premaxillaries. The infraorbital foramen (23) 
is small, slitlike, and high on the rostrum. Zygomatic arches (24) are elevated 
to approximately the midline of the skull. The auditory meatus (25) is high 
and small. The incisors (26) are large, procumbent, and slightly recurved. 

Mandible: The mandible is very stout and the body deep and curved; the ramus 
region (27) is large. The coronoid process (28) is long, slender, tapering, and 
curved to theposterior; the coronoid sits well forward and nearly aligned with 
the condyle (29). The condyloid process (30) is long, stout, and nearly 
vertical, approximately aligned with the coronoid. The angular process (31) is 
stout, blunt, and curved upward. At the anterior of the jaw is a small bone 
protrusion (32) along the vertical surface, a smaller version of what is 
characteristic in beaver mandibles. 
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Similar species: Pocket gophers, round-tailed muskrats (Neofiber), lemmings, 


and water voles. 


Brown lemming, Lemmus trimucronatus 


Greatest length: 27.6-35.1 mm (1!/10-14/10 in.) (full table of measurements 
page 586, life-size image page 113, life-size jaw page 161) 

Specimen illustrated: Adult male, LACM 23112 

Dentition: i 1/1 c 0/0 p 0/0 m 3/3, total 16. 

Dorsal: Brown lemming skulls are volelike but more robust and angular, with 
wider-spreading, heavier zygomatic arches. The rostrum (1) is slender and 
stout; the nasals (2) are wider toward the anterior and taper toward the 
posterior. The zygomatic arches (3) are very heavy and rugose, spreading 
much wider than the braincase. Small lacrimal bone projections (4) occur on 
the dorsal corner of the maxillary arm. The orbits (5) are large, and the 
interorbital breadth (6) is very narrow, allowing a view of the maxillary bones; 
there is a sharp median ridge (7) along the midline of the frontals. The anterior 
edge of the squamosal (8) is very angular, which contributes to the braincase 
having a squared appearance. The braincase (9) is large, constricted to the 
posterior (10), and nearing 50 percent of the greatest length of skull; temporal 
ridges (11) are developed. The interparietal (12) is smaller and rectangular. 

Ventral: The palate (13) is simpler than in Microtus, terminating toward the 
anterior of the last molar, and with a pointy projection (14) over the pterygoid 
region (15). The incisive foramina (16) are long, thin, and constricted 
posteriorly (17); they are situated farther from the anterior of the toothrows 
than in Microtus. The spheno-pterygoid canals are not visible; foramina ovale 
(18) evident. Auditory bullae (19) are more triangular, large, and inflated. The 
foramen magnum (20) is large. Toothrows are long and convergent to the 
anterior. 

Lateral: The dorsolateral outline is relatively level from the anterior of the 
zygomatic arches to the posterior (21) but steeply sloping at the anterior (22). 
The nasals (23) are approximately aligned with the premaxillaries (24). The 
infraorbital foramen (25)is slitlike and high on the rostrum. Zygomatic arches 
(26) are very deep, with large jugals, and elevated to approximately the 
midline of the skull. The auditory meatus (27) is small and well elevated. The 
incisors (28) are procumbent and recurved. 
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Mandible: The mandible is stout and the body curved; the ramus region is 
smaller than in mice. The coronoid process (29) is reduced, squared, and 
pointing slightly to the posterior; the coronoid sits well forward and below the 
condyle (31). The condyloid process (30) is very long, very high, and slender; 
the condyle sits far above the toothrow. The angular process (32) is very long, 
slender, tapering, and angled slightly upward. Roots of the lower incisors 
extend behind and to the outside of molars. 

Similar species: Other lemmings, large voles, pocket gophers, and muskrats. 


Family Zapodidae: Jumping mice 

Jumping mice are rodents whose skulls are characterized by their two 
infraorbital foramina. The first is large, with a second, smaller one below; as a 
portion of the masseter muscles pass through the infraorbital foramina, jumping 
mice are characterized as myomorph rodents. The two genera in this family are 
easily differentiated by the number of upper cheek teeth present on a given side: 
four in Zapus and three in Napaeozapus. 


Members of Zapodidae: 1. Western jumping mouse, male 107117 (Z. princeps), 2. Pacific jump- 
ing mouse, female 96077 (Z. trinotatus), 3. Woodland jumping mouse, male 116942 (Napaeoza- 
pus insignis), 4. Meadow jumping mouse, female 116941 (Z. hudsonius). MUSEUM OF VERTEBRATE 
ZOOLOGY, UC BERKELEY. 


Look closely for the two infraorbital foramina in this meadow jumping mouse (Z. hudso- 
nius). The larger is obvious, and the much smaller sits below. MUSEUM OF COMPARATIVE ZOOLOGY, 
HARVARD U 60174. 


Meadow jumping mouse, Zapus hudsonius 


Greatest length: 20.8—23.8 mm (9/10/10 in.) (full table of measurements page 
588, life-size image page 111, life-size jaw page 159) 

Specimen illustrated: Adult female, MCZ 60174 

Dentition: i 1/1 c 0/0 p 1/0 m 3/3, total 18. Incisors grooved and deep yellow to 
orange. First molar has one reentrant fold lingually and four labially. 

Dorsal: The skulls of mice are slender and fragile, with weak zygomatic arches, 
slender triangular rostrums, large orbits, and large, rounded braincases. The 
rostrum (1) is long, slender, and triangular; the nasals (2) are very long and 
broad, with squared posterior edges (3). The zygomatic arches (4) are very 
slim and roughly parallel; the maxillary arms (5) and zygomatic plates are 
proportionately smaller than in Peromyscus. Lacrimal bone projections (6) are 
larger in the dorsal corner of the maxillary arm. The orbits (7) are large, and 
the interorbital breadth (8) is slightly narrower than in Napaeozapus, with the 
maxillary bones just visible below. The braincase (9) is large, round, and 
approaching 50 percent of the greatest length of skull; ridges are not 


developed, and the braincases of mice are smooth. The interparietal (10) is 
large, but very slim, and as wide as the braincase, tapering to either side. 
Ventral: The relatively broad palate (11) terminates at approximately the 
midpoint of the posterior molar (12), with a pointed projection (13) over the 
pterygoid region; palatal pits (14) are evident. The incisive foramina (15) taper 
toward the anterior and are slightly shorter and wider than in Peromyscus and 
shorter than in the western jumping mouse (Z. princeps); the posterior edge 
(16) of the incisive foramina is aligned with the anterior edge of the tiny first 
cheek tooth. The pterygoid region (17) is narrow, and the pterygoid processes 
(18) are relatively long. The spheno-pterygoid canals are obscured; foramina 
ovale (19) are wide. Auditory bullae (20) are medium and triangular. The 
foramen magnum (21) is larger, with smaller occipital condyles (22). 
Toothrows are short and slightly divergent to the anterior. The first cheek 
tooth (23) is tiny and the second is the largest, descending in size to posterior. 
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Lateral: The dorsolateral outline slopes down toward the anterior, and the 
posterior is rounded. The nasals (24) extend well beyond the premaxillaries 
(25) and incisors. The first infraorbital foramen (26) is round and as large as 
the nasal vacuity; a second, smaller infraorbital foramen (27) sits below the 
first. Zygomatic arches (28) are relatively straight and extend below the level 
of the palate; the vertical process of the jugal bone (29) extends up to near the 
lacrimal, and the small zygomatic plate is at or near level. The auditory meatus 
(30) is low and large. The incisors (31) are grooved and recurved. 

Mandible: The mandible is deep, stout, and curved; the ramus region (32) is 
large. The coronoid process (33) is slightly longer than in Napaeozapus, 
slender, curved to the posterior, and located above the condyle (34). The 
condyloid process (35) is long and thick, pointing to the posterior at nearly 45 
degrees. The angular process (36) is large and angular, points to the posterior, 
and sits below the ventral surface of the body (37) below the first cheek tooth. 

Similar species: Other jumping mice, pocket mice, and other mouse species. 


Woodland jumping mouse, Napaeozapus insignis 


Greatest length: 22.2-24.5 mm (?/1o-1 in.) (full table of measurements page 


588, life-size image page 111, life-size jaw page 159) 

Specimen illustrated: Adult female, MCZ 56512 

Dentition: i 1/1 c 0/0 p 0/0 m 3/3, total 16. Incisors deep yellow to orange. First 
molar has one reentrant fold lingually and three labially. 

Dorsal: The skulls of mice are slender and fragile, with weak zygomatic arches, 
slender triangular rostrums, large orbits, and large, rounded braincases. The 
rostrum (1)is long, slender, and triangular; the nasals (2) are very long and 
broad, tapering toward the posterior (3). The zygomatic arches are very slim 
(4) and roughly parallel; the maxillary arms (5) and zygomatic plates are 
proportionately smaller than in Peromyscus. Lacrimal bone projections (6) are 
larger in the dorsal corner of the maxillary arm. The orbits (7) are large, and 
the interorbital breadth (8) is broad; the maxillary bones are not visible below. 
The braincase (9) is large, round, and less than 50 percent of the greatest 
length of skull; ridges are not developed, and the braincases of mice are 
smooth. The interparietal (10) is large, but very slim, and as wide as the 
braincase, tapering to either side. 
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Ventral: The relatively broad palate (11) terminates at approximately the 
midpoint of the posterior molar (12); the incisive foramina (13) are slightly 
shorter and wider than in Peromyscus, tapering toward the anterior; the 
posterior edge of the incisive foramina (14) is aligned with the anterior edge of 
the first cheek tooth. The pterygoid region (15) is narrow, and the pterygoid 
processes are relatively long. The spheno-pterygoid canals are not visible; 
foramina ovale (16) are wide. Auditory bullae (17) are medium and triangular. 
The foramen magnum (18) is larger, with smaller occipital condyles (19). 
Toothrows are short and slightly divergent to the anterior. The largest of the 
cheek teeth (20) is at the anterior, descending in size to posterior. 

Lateral: The dorsolateral outline slopes down toward the anterior, and the 
posterior is rounded. The nasals (21) extend well beyond the premaxillaries 
(22) and incisors. The first infraorbital foramen (23) is round and as large as 
the nasal vacuity; a second, smaller infraorbital foramen (24) sits below the 
first. Zygomatic arches (25) are relatively straight and low; the vertical 
process of the jugal bone (26) extends up to near the lacrimal, and the small 
zygomatic plate is at or near level. The auditory meatus (27) is low and large. 
The incisors (28) are grooved and recurved. 

Mandible: The mandible is deep, stout, and curved; the ramus region is large. 
The coronoid process (29) is long, slender, curved to the posterior, and located 
above the condyle (30). The condyloid process (31) is long and thick, pointing 
to the posterior at nearly 45 degrees. The angular process (32) is large and 
angular, points to the posterior, and sits below the ventral surface of the body 
(33) below the first cheek tooth. 

Similar species: Other jumping mice, pocket mice, and other mouse species. 


Family Erethizontidae: New World porcupines 


Porcupines are rodents whose skulls are characterized by their very large 
infraorbital foramina through which the masseter muscles pass; rodents that 
share these characteristics are called hystricomorphs. Many rodents in Central 
and South America are hystricomorphs, yet the only native animal north of 
Mexico with these characteristics is the North American porcupine. 


The sole member of this family living north 
of Mexico is the North American porcupine 
(Erethizon dorsatum). Female, SANTA BARBARA 
MUSEUM OF NATURAL HISTORY 1076. 


North American porcupine, Erethizon dorsatum 


Greatest length: 91.8-120.1 mm (39/10-47/10 in.) (full table of measurements 
page 570, life-size image page 131, life-size jaw page 165) 

Specimen illustrated: Adult female, SBMNH 1076 

Dentition: i 1/1 c 0/0 p 1/1 m 3/3, total 20. Incisors massive, and deep yellow to 
orange enamel is evident on the anterior edges. 

Dorsal: The porcupine skull is large and triangular, with narrow, low zygomatic 
arches. The rostrum (1) is relatively broad and long, and the premaxillaries (2) 
project far to the anterior. Nasals (3) are very broad and rectangular. Slim 
zygomatic arches (4) converge strongly to the anterior; postorbital processes 
(5) on the frontals are reduced to bumps. The orbits (6) are relatively small, 


and the temporal fossae (7) are reduced. The angular processes (8) on the 
squamosals are not found in the similar nutria (Myocastor) and contribute to 
the squared appearance of the braincase; the braincase (9) is greater than one- 
third the greatest length of skull, which is larger than in nutria; temporal ridges 
(10) are well developed and converge in a V shape to form a well-developed 
sagittal crest (11), which extends for much of the length of the braincase. 
Occipital crests (12) are developed. Mastoid processes (13) are well developed 
and visible. 

Ventral: The palate (14) is very narrow and triangular, terminating 
approximately aligned with the anterior edge of the last molar (15). The 
pterygoid processes (16) are relatively short. The incisive foramina (17) are 
larger and slitlike, situated approximately midway between the toothrows and 
incisors. Auditory bullae (18) are medium and inflated, and lack auditory 
canals. The toothrows strongly converge toward the anterior; the first cheek 
tooth (P4) (19) is the largest in the row. The pterygoid fossae (36) are open. 
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Lateral: The dorsolateral outline of the skull slopes upward toward the anterior; 
the deepest part of the skull (20) is the robust, curved rostrum. The 
premaxillaries (21) extend to the anterior far forward of the nasals (22). 
Porcupines are hystricomorph mammals, with very large infraorbital canals 
(23) through which the masseter muscles pass. The stout and deep zygomatic 
arches (24) have rounded postorbital processes (25). The jugal bones (26) are 
exceptionally broad and heavy. The very small auditory meatus (27) is slightly 
elevated. The paraoccipital processes (28) do not extend below the ventral 
surface of the auditory bullae (29). Stout incisors (30) are procumbent and 
recurved. 

Mandible: The body is curved and slender, and the anterior has a distinctive 
step (31) along the ventral surface; as in beavers, there is a bone projection 
(31) on the ventral surface where the body curves steeply upward. The 
coronoid process (32) is reduced, blunt, and located below the condyle (33). 
The condyloid process (34) is large, thick, and angular. The angular process 
(35) is long and rounded. 

Notes: Aging up to twenty-six months through an analysis of molar eruption is 
quite reliable and beautifully illustrated in Dodge (1982). At birth, the 


porcupine has four incisors and four premolars. At four months, the first 
molars are in place and the second are erupting. At one year of age, the third 
molar erupts. At two years, the premolars are completely replaced by 
permanent dentition. Roze and Ilse (2003) report that in fifty skulls and five 
hundred live captures, they had never seen an instance of malocclusion, a 
misalignment of the incisors when the jaw is closed. 

Similar species: Nutrias, agoutis, pacas, and beavers. 


Family Myocastoridae: Nutrias 

Nutrias are rodents whose skulls are characterized by their very large infraorbital 
foramina through which the masseter muscles pass; rodents that share these 
characteristics are called hystricomorphs. Nutrias are native to South America, 
where many rodents are hystricomorphs. 


Massive infraorbital 
foramina, or canal 


Flaring angular 
process 


Nutria 


Nutria or coypu, Myocastor coypus 


Greatest length: 109.6-125.6 mm (43/10—49/10 in.) (full table of measurements 
page 572, life-size image page 132, life-size jaw page 167) 

Specimen illustrated: Adult, private collection 

Dentition: i 1/1 c 0/0 p 1/1 m 3/3, total 20. Incisors massive, and yellow enamel 


is evident on the anterior edges. 

Dorsal: The nutria skull is large, with a relatively broad and long rostrum (1). 
Nasals (2) are broad and rectangular. Stout zygomatic arches (3) converge 
strongly to the anterior; postorbital processes on the frontals (4) are small, but 
they are larger and rounded on the zygomatic arches (5), better viewed from 
the lateral. The orbits (6) are relatively large, and the temporal fossae (7) are 
reduced. The braincase (8) is smaller and narrow, approximately one-third the 
greatest length of skull; temporal ridges (9) are very well developed and 
converge in a V shape to form a well-developed sagittal crest (10) on the 
posterior half of the braincase. Occipital crests (11) are developed. Mastoid 
processes are less developed. 

Ventral: The palate (12) is very narrow and triangular, terminating 
approximately in line with the posterior edge of the last molar (13). The 
pterygoid processes (14) are relatively short. The incisive foramina (15) are 
wider and slitlike, situated much closer to the toothrows than to the incisors. 
Auditory bullae (16) are small and inflated, and the short auditory canals are 
angled toward the dorsal surface. The toothrows strongly converge toward the 
anterior; the last molar (17) is the largest in the row, and teeth descend in size 
toward the anterior. The foramen magnum (18) is small. 
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Lateral: The dorsolateral outline of the skull is relatively straight. The rostrum 
(19) is deep and stout; the nasals (20) do not extend to the anterior of the skull. 
Nutrias are hystricomorph mammals, with very large infraorbital canals (21) 
through which the masseter muscles pass. The stout and deep zygomatic 
arches (22) have rounded postorbital processes (23). The jugal bones (22) are 
exceptionally broad and heavy. The very small auditory meatus (24) is 
elevated to approximately the midpoint of the skull. One of the most 
distinctive features of the nutria skull is the very long paraoccipital processes 
(25), which extend down at the posterior of the skull and then slightly forward. 
Note also the angle of the grinding surfaces of the toothrows (26). Stout 
incisors (27) are slightly procumbent and recurved. 

Mandible: The mandible is very distinctive. The body (28) is curved, and the 
angular process (29) flares out and is flattened, somewhat winglike. Like the 
beaver, there is a bump or bone projection (30) at the anterior of the mandible 
on the ventral surface, where the body curves steeply upward. The coronoid 
process (31) is greatly reduced to a mere bump and sits far forward of the 
condyle (32). The condyloid process (33) is squared and near vertical. 

Similar species: Porcupines, agoutis, pacas, and beavers. 


Family Dasyproctidae: Agoutis 

Agoutis are rodents whose skulls are characterized by their very large 
infraorbital foramina through which the masseter muscles pass; rodents that 
share these characteristics are called hystricomorphs. Agoutis are among the 
many hystricomorph rodents in Central and South America. 


The northernmost member of this family is the Mexican black agouti (Dasyprocta mexicana). 
Male, MUSEUM OF VERTEBRATE ZOOLOGY, UC BERKELEY 121196. 


Mexican black agouti, Dasyprocta mexicana 


Greatest length: 106.7 mm (42/10 in.) (full table of measurements page 572, 
life-size image page 128, life-size jaw page 164) 

Specimen illustrated: Adult male, MVZ 121196 

Dentition: i 1/1 c 0/0 p 1/1 m 3/3, total 20. 

Dorsal: The agouti skull is very slender, with a long, broad rostrum and narrow 
zygomatic arches. The rostrum (1) is broad and very long; nasals (2) are broad 
and taper to the posterior. Slim zygomatic arches (3) are short and have a very 
narrow spread; postorbital processes on the frontals are absent, and lacrimal 
projections (4) are small. The orbits (5) are relatively large, facing to either 
side, and the temporal fossae (6) are greatly reduced. The braincase (7) is 
rounded and constricted to posterior (8); temporal ridges (9) are less 
developed and converge in a V shape to form a very small sagittal crest (10) at 
the far posterior of the braincase in old animals. Occipital crests (11) are 
developed. 

Ventral: The palate (12) is broader than in nutrias and rectangular, terminating 
approximately in line with the anterior edge of the last molar (13). The 
pterygoid region is broad. The incisive foramina (14) are tiny, slitlike, and 
situated much closer to the incisors than to the toothrows. Auditory bullae (15) 
are medium and inflated. The toothrows are relatively parallel, and the first 
three cheek teeth are of similar proportions; the last molar (16) is the smallest. 
Other agoutis have only three cheek teeth. 

Lateral: The dorsolateral outline of the skull is convex. The rostrum (17) is very 
deep and stout; the nasals (18) extend to the anterior just beyond or aligned 
with the premaxillaries (19); the nasal vacuity (20) is large. Agoutis are 
hystricomorph mammals, with very large infraorbital canals (21) through 
which the masseter muscles pass. The slim zygomatic arches (22) extend low 
to the level of the palate. The very small auditory meatus (23) is slightly 
elevated. Smaller incisors (24) are recurved. 
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Mandible: The body (25) of the mandible is curved, with a distinctive step (26) 
to the large angular process (27), which slopes down and out before curving to 
the posterior. The coronoid process (28) is greatly reduced to a bump and sits 
far forward of the condyle (29). The condyloid process (30) is squared and 
thick, pointing to the posterior at roughly 45 degrees. 

Similar species: Other agoutis, pacas, nutrias, and porcupines. 


Family Agoutidae: Pacas 


Pacas are rodents whose skulls are characterized by their large infraorbital 
foramina through which the masseter muscles pass; rodents that share these 
characteristics are called hystricomorphs. Pacas are among the many 
hystricomorph rodents in Central and South America. They also have incredibly 
distinctive cheek plates, which are extensions from the zygomatic arches. 


A Central American member of this family is 
the paca (Agouti paca). Male, SANTA BARBARA 
MUSEUM OF NATURAL HISTORY 470. 


Paca, Agouti paca 


Greatest length: 141.0-160.2 mm (5?/10—63/10 in.) (full table of measurements 
page 572, life-size image page 137, life-size jaw page 166) 

Specimen illustrated: Adult male, SBMNH 470 

Dentition: i 1/1 c 0/0 p 1/1 m 3/3, total 20. Incisors massive, and yellow enamel 
is evident on the anterior edges. 

Dorsal: The paca skull is broad and triangular, with a slender rostrum and large, 
distinctive cheek bones. The rostrum (1) is relatively short and slender; nasals 
(2) are short, broad, and rectangular. Stout zygomatic arches (3) converge 
strongly to the anterior; postorbital processes (29) on the frontals are far to the 
posterior, but larger lacrimal projections (4) exist in the dorsal corner of the 
zygomatic arches. The orbits (5) are medium, and the temporal fossae (6) are 
much reduced. The braincase (7) is short and broad, approximately one-third 


the greatest length of skull; temporal ridges (8) are very well developed and 
converge in a V shape to form a small sagittal crest (9) on the posterior half of 
the braincase. Occipital crests (10) are developed. The frontal and temporal 
regions become more textured, pitted (11), and rugose with age. 

Ventral: The palate (12) is long, with a distinctive narrow extension to the 
anterior of the toothrows, and extending to the posterior to approximately in 
line with the anterior edge of the last molar (14). The pterygoid processes (15) 
are relatively short. The incisive foramina (16) are tiny, situated much closer 
to the incisors than to the toothrows. Auditory bullae (17) are small and round. 
The toothrows converge toward the anterior; the last molar (18) is the largest 
in the row, and teeth descend in size toward the anterior. The foramen 
magnum (19) is small. 

Lateral: The dorsolateral outline of the skull is slightly convex. The rostrum 
(20) is deep and stout; the nasals (21) do not extend to the anterior as far as the 
premaxillaries (22). Paca are hystricomorph mammals, with very large 
infraorbital canals (23) through which the masseter muscles pass. The 
zygomatic arches are incredibly distinctive, with very large extensions of the 
maxillaries and jugals forming pitted plates (24) that cover much of the 
mandible. The very small auditory meatus (25) is slightly elevated. The longer 
paraoccipital processes (26) extend well below the auditory bullae. The 
incisors (27) are small and straight. The postorbital process (28) is small. 


28 


LATERAL 


MANDIBLE 


Mandible: The body (30) is curved, and the angular process (31) is very large, 
curving to the posterior. The coronoid process (32) is greatly reduced to a 
rounded projection far forward of the condyle (33). The condyloid process 
(34) is bulbous, rounded, and only slightly taller than the coronoid. 

Similar species: Agoutis, nutrias, porcupines, and beavers. 

Notes: Aging by tooth development can be found in Nelson and Shump (1978). 


Order Carnivora: Carnivores 


Family Canidae: Dogs, coyotes, foxes, and wolves 

Canids have large canine teeth, which are slightly blunted for grabbing and 
holding prey. The lower canines are slightly anterior to the upper ones, and this 
together with a small diastema posterior to the lower canines allows the teeth to 
interlock when the mouth is closed. The incisors are well developed and work in 
unison with the canines to allow for excellent gripping and tearing. The anterior 
half of canid dentition seems to be focused on the capturing and killing of live 
prey and includes well-developed carnassials. The laterally flattened and W- 
shaped configuration of the cusps allows for foods to be trapped and then sliced 
or sheared. 


Approaching the posterior of the mouth, the function of the teeth changes 
from gripping and shearing to holding and crushing, which is more characteristic 
of a vegetarian or specialized diet, such as the crushing of large bones as done by 
wolves. The posterior of the lower carnassials and all teeth posterior to them are 
somewhat flattened, with smaller, rounded cusps. Crushing also requires more 
lateral movement of the mandible, and in canids, this is allowed by the 
articulation of mandible and cranium. Canine skulls tend to have well-developed 
sagittal crests and wide zygomata, structures to support muscles which provide 
tremendous power for closing the mouth to make the kill and tear chunks from 
prey. Yet there is also some lateral movement so that canids can kill, shear, as 
well as crush a great variety of foods. 


Wild members of Canidae: 1. Swift fox, mcz B8610 (V. velox), 2. Kit fox, male 185243 (V. macro- 
tis), 3. Common gray fox, male 90627 (U. cinereoargenteus), 4. Island fox, male 38353 (U. lit- 
toralis), 5. Arctic fox, male 123978 (V. lagopus), 6. Red fox, female 129307 (V. vulpes), 7. Coyote, 
male 81536 (C. latrans), 8. Gray wolf, male 123978 (C. lupus), 9. Eastern timber wolf, male 


123562 (C. lycaon), 10. Red wolf, female 95809 (C. rufus). MUSEUM OF VERTEBRATE ZOOLOGY, UC 
BERKELEY. 


Gray wolf Domestic dog, of near wolf proportions 


Eastern coyote Western coyote 


Following are useful references and descriptions to help differentiate 
among the large canids: the coyote (Canis latrans), gray wolf (C. lupus), eastern 
timber wolf (C. lycaon), red wolf (C. rufus), and domestic dogs (C. familiaris). 
Further descriptive characters are in accounts and the essay “Cranial Traits 
Separating Canids" (Gilbert 1980). 

To differentiate between domestic dog and coyote skulls, a useful character 
is the length of the upper canines in relation to a line drawn across the 
mandibular mental foramina (refer to illustrations). Should the canines extend 
below this line when the jaw is closed, the skull is likely that of a coyote; the 
majority of dog canines will not reach the line. Another method, used by 
Howard in 1949, is to compare the width of the palate between the first 
premolars with the length of the toothrow, measured from the anterior of the first 
premolar to the posterior of the last molar (refer to illustration on page 373). If 
the length of the toothrow is approximately 3.1 times the width of the palate, you 
have a coyote skull. If it is 2.7 times or less the width of the palate, you've found 
a domestic dog. This ratio proved 95 percent accurate (Bekoff 1977). There are 
additional excellent characters described to differentiate coyotes from dogs and 
coyotes from coyote-dog hybrids described in Mammals of Illinois by Donald 
Hoffmeister (1989). 

To differentiate between coyotes and gray wolves, the greatest length of 
skull and the zygomatic width are often sufficient. Ingles (1965) measured the 
length of the upper canine at the gum line from front to back. In coyotes, this 
measurement was 11 millimeters or less, whereas in gray wolves, it was 12 
millimeters or more. He also measured the upper carnassial, which in coyotes 
was up to 20 millimeters long and in wolves about 25 millimeters long. The 
posterior edge of the palate may be another distinguishing character. In coyotes, 
both east and west, the palate terminates either aligned with the anterior edge of 
the last molar or as far back as the midpoint of that molar. In wolves, the 
termination of the palate is aligned with the posterior of the last molar. 

To differentiate between coyotes and red wolves, a very useful clue is the 
greatest length of skulls, where there is almost no overlap. The red wolf also has 
a higher cranium, often with a larger sagittal crest, deeper rostrum, more 
spreading zygomata, a supraoccipital shield that extends farther posteriorly, 
more robust jugal, more deeply inserted maxillaries, thicker orbital border that 
bows out, proportionately smaller M2, and usually larger auditory bullae (Young 
and Goldman 1944). 

To differentiate between red wolves and gray or eastern timber wolves, 
look at M2, which is proportionately larger in red wolves than in gray wolves. 


When the jaw is closed and a line is drawn across the anterior mental foramina, 
the canines in red wolves often extend below the line, but not in gray wolves 
(Paradiso and Nowak 1972). Red wolves also have a prominent cingulum on the 
outer side of the first upper molar and more deeply cleft crowns and laterally 
compressed cusps on large molars, all of which helps distinguish them from both 
gray and eastern timber wolves (Paradiso and Nowak 1972). The eastern timber 
wolf has a broader skull than the red wolf, with a higher braincase, more widely 
spreading zygomata, and the posterior of postorbital processes turned inward 
less abruptly (Young and Goldman 1944). 


Kit fox Red fox 


Gray fox 


Compare the size and shape of the incisors and relative length of canines in these three fox 
species. 


To differentiate between eastern timber wolves and gray wolves, consider 
the following characters: The skull of the eastern timber wolf is smaller, with a 
more slender rostrum, and the supraoccipital shield projects less to the posterior 
over the foramen magnum and occipital condyles. The nasals of eastern timber 


wolves tend to be more deeply emarginated to the anterior, and they have 
proportionately smaller upper carnassials (Young and Goldman 1944). 

To differentiate among gray wolves, wolf-dog hybrids, and domestic dogs, 
first consider the size, as the majority of domestic dog skulls will be smaller. Yet 
there are larger breeds that attain wolflike proportions, and in these instances, 
you'll need to look for other characters. Dogs tend to have broader, steeper 
forehead regions and proportionately much smaller teeth; the carnassials are 
often much larger and stouter in gray wolves than in domestic breeds. The 
auditory bullae of wolves are convex and large, whereas in domestic dogs they 
tend to be less inflated and misshapen. 

In 1941, Iljin described using the orbital angle to differentiate among these 
large canids (Mech 1974). (Refer to the illustration on page 368 to note how the 
orbital angle is measured.) Iljin recorded orbital angles of 40 to 45 degrees in 
gray wolves and 53 to 60 in large domestic dogs; in wolf hybrids, orbital angles 
fell in between these two ranges. 

To differentiate foxes from the other canids, the anterior perspective of the 
skull provides clues. Consider the shape and size of the incisors, as well as the 
length of the canines in relation to a line drawn through the mandibular mental 
foramina (refer to the illustration on page 370). 


Domestic dog, Canis familiaris 


Specimens illustrated: LACM 30129, 30124, 30371, chihuahua (unknown 7) 

It is difficult to describe the domestic dog skull, as the great diversity of breeds 
living today have equally varied bone forms, though a great many follow the 
basic form described for the coyote and wolves. Features that are useful in 
determining whether you've found a wild or domestic canid skull are described 
in the introduction to the canid family and in the species accounts of their wild 
counterparts. The skulls illustrated here only hint at the diversity of forms that 
dog skulls may take. 


DORSAL 
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Bulldog Mixed breed 


Collie Chihuahua 


LATERAL PERSPECTIVES 


An English bulldog, bred to be able to breathe while attached by its jaws to the side of a bull. 
NATURAL HISTORY MUSEUM OF LOS ANGELES COUNTY 30129. 


Note: English bulldogs were bred to bait bulls, and the longer mandibles allow 
them to breathe while latched on to an animal for a very long time 
(Liittschwager 2002). 


Coyote (northeast), Canis latrans 


Greatest length: 173.8-220.3 mm (67/10-87/10 in.) (full table of measurements 
page 590, life-size image page 138, life-size jaw page 172) 

Specimen illustrated: Western adult male, MVZ 81536 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. 

Dorsal: Canine skulls have a somewhat slender, triangular outline, especially 
from the posterior of the zygomatic arches forward. The rostrum (1) is long 
and slender, but strong. The nasals (2) are very long and slender, extending to 
the posterior into the orbit and just beyond the maxillaries (3). Heavy, 
widespreading zygomatic arches (4) strongly converge to the anterior and are 
positioned to the posterior of the skull. Postorbital processes from the frontals 
(5) are stout, triangular, and convex on their dorsal surfaces; postorbital 
processes are stout and triangular from the zygomatic arches (6) as well. The 
orbits (7) point forward and are medium for a carnivore, and the temporal 
fossa (8) is large; the position of the orbits is approximately midway along the 
length of the skull. The interorbital (9) and postorbital breadths (10) are near 
equal, and the postorbital breadths tend to be wider than in dogs of similar 
size. The braincase (11) is large and rounded, forming much less than 50 
percent of the greatest length of skull; temporal ridges (12) are well developed 
and converge at the anterior of the braincase in a V shape to form a long and 
large sagittal crest (13). Occipital crests (14) are well developed and 
contribute to a triangular supraoccipital shield (15). 

Ventral: The long palate (16) terminates at the anterior edge (or the midpoint in 
eastern animals) of the last molar (17); the incisive foramina (18) are medium 
and well forward on the palate. The pterygoid region (19) is broad, and the 
pterygoid processes (20) are long. The mandibular fossa (21) is well 
developed. The auditory bullae (22) are medium, oval, and inflated. The 
foramen magnum (23) is medium, and the occipital condyles (24) are stout. 
The toothrows are very long, the carnassial (25) is thin, and the posterior 
molars (26) are flattened. The front incisors (27) are distinctly lobed and 
smaller than in domestic dogs of similar proportions. 

Lateral: From the elevated braincase, the dorsolateral outline curves smoothly 
and relatively gradually down to the plane of the rostrum. The premaxillaries 


(28) extend farther than the nasals (29). The infraorbital foramina (30) are 
small and visible low on the side of the rostrum. The postorbital processes on 
the zygomatic arches (31) are small; the jugals (32) are stout. The auditory 
meatus is medium. The carnassial is large and well developed. The premolars 
(33) are well spaced, which is rarely the case in domestic breeds of similar 
size. The canines (34) are long, slender, and recurved. 
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Howard (1949) used two measurements to dif- 
ferentiate dog from coyote skulls with 9596 
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of "B" then it is a domestic dog. If "A" divided 
by "B" is approximately 3.1, you have a coyote. 


DORSAL 


VENTRAL 18 


17 
3 26 
4 
: 19 
20 
10 8 
12 
21 
15 14 
24 23 
LATERAL 32 33 36 


Mandible: The body (35) is long and curved, tapering slightly to the anterior. 
The coronoid process (36) is near vertical, large, and rounded. The condyle 


(37) is aligned with the toothrow, stout, and barrel-shaped. The angular 
process (38) is small, stout, and rounded. Two mental foramina (39) are 
evident. 

Similar species: Wolves, red foxes, and domestic dogs. 

Notes: Sagittal crests are larger on mature males than mature females. Coyotes 
are sexually dimorphic, and according to Hoffmeister (1986), the three 
measurements most useful in determining the sex of a skull are greatest length, 
zygomatic breadth, and length of the nasals. 


Gray wolf, Canis lupus 


Greatest length: 213.6-293.7 mm (8*/10-119/10 in.) (full table of measurements 
page 590, life-size image page 142, life-size jaw page 173) 

Specimen illustrated: Adult male, MVZ 123978 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. 

Dorsal: Canine skulls have a somewhat slender, triangular outline, especially 
from the posterior of the zygomatic arches forward. The rostrum (1) is long 
and slender, but strong. The nasals (2) are very long and very slender, 
extending to the posterior into the orbit and just beyond the maxillaries (3). 
Heavy, widespreading zygomatic arches (4) strongly converge to the anterior. 
Postorbital processes from the frontals (5) are stout, triangular, and convex on 
their dorsal surfaces; postorbital processes are stout and triangular from the 
zygomatic arches (6) as well. The orbits (7) are forward and proportionately 
smaller than in coyotes, and the temporal fossa (8) is larger. The interorbital 
breadth (9) is wider than the postorbital (10). The braincase (11) is 
proportionately smaller and oval, forming approximately one-third of the 
greatest length of skull; temporal ridges (12) are well developed and converge 
at the anterior of the braincase in a V shape to form a long and very large 
sagittal crest (13). Occipital crests (14) are very well developed, contributing 
to a large, triangular supraoccipital shield (15). 
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Ventral: The long palate (16) terminates at the posterior edge of the last molar 


(17); the incisive foramina (18) are proportionately smaller than in coyotes 
and well forward on the palate. The pterygoid region (19) is narrower, and the 
pterygoid processes (20) are stouter and longer. The mandibular fossa (21) is 
larger and well developed. The auditory bullae (22) are smaller, oval, and 
inflated. The foramen magnum (23) is medium, and the occipital condyles 
(24) are stout. The toothrows are very long, the carnassial (25) is large and 
stout, and the posterior molars (26) are flattened. 

Lateral: From the elevated braincase, the dorsolateral outline curves smoothly 
and relatively gradually down to the plane of the rostrum. The premaxillaries 
(27) extend farther than the nasals (28). The infraorbital foramen (29) is small 
and visible low on the side of the rostrum. Zygomatic arches (30) are more 
stout, and the postorbital processes on the zygomatic arches (31) are small; the 
jugals (30) are large. The auditory meatus (32) is medium. The carnassial (33) 
is large and well developed. The premolars (34) are well spaced, which is 
rarely the case in domestic breeds of similar size. The canines (35) are stout, 
the dentition heavy. 


Compare the adult male wolf skull on the left, with the adult female on the right. Particularly 
useful in sexing gray wolf skulls is the width of rostrum. MUSEUM OF COMPARATIVE ZOOLOGY, HAR- 
VARD U 50511, 50512. 


Mandible: The mandible is a larger, more robust version of the coyote's, and 
the body (36) is long and curved, tapering slightly to the anterior. The 
coronoid process (37) is near vertical, large, and rounded. The condyle (38) is 
aligned with the toothrow, stout, and barrel-shaped. The angular process (39) 
is small, stout, and rounded. Three mental foramina (40) are evident. 

Similar species: Other wolves, large domestic dogs, and coyotes. See family 
notes. 


Eastern timber wolf, Canis lycaon 


Greatest length: 213.6-267.0 mm (84/10—10°/10 in.) (full table of measurements 
page 590, life-size image page 141, life-size jaw page 173) 

Specimen illustrated: Adult male, MVZ 123562 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. 

Dorsal: Canine skulls have a somewhat slender, triangular outline, especially 
from the posterior of the zygomatic arches forward; the eastern timber wolf 
skull is a smaller version of the gray wolf's. The rostrum (1) is long and 
slender, but strong. The nasals (2) are very long and very slender, extending to 
the posterior into the orbit and just beyond the maxillaries (3). Heavy, 
widespreading zygomatic arches (4) strongly converge to the anterior. 
Postorbital processes from the frontals (5) are stout, triangular, and convex on 
their dorsal surfaces; postorbital processes are stout and triangular from the 
zygomatic arches (6) as well. The orbits (7) are forward and proportionately 
smaller than in coyotes, but a bit larger than in gray wolves, and the temporal 
fossa (8) is larger. The interorbital breadth (9) is wider than the postorbital 
(10). The braincase (11) is proportionately smaller and oval, forming 
approximately one-third of the greatest length of skull; temporal ridges (12) 
are well developed and converge at the anterior of the braincase in a V shape 
to form a long and very large sagittal crest (13). Occipital crests (14) are very 
well developed and contribute to the triangular supraoccipital shield (15). 

Ventral: The long palate (16) terminates at the posterior edge of the last molar 
(17); the incisive foramina (18) are proportionately smaller than in coyotes 
and well forward on the palate. The pterygoid region (19) is narrower, and the 
pterygoid processes (20) are stouter and longer. The mandibular fossa (21) is 
larger and well developed. The auditory bullae (22) are smaller, oval, and 
inflated. The foramen magnum (23) is medium, and the occipital condyles are 
stout (24). The toothrows are very long, the carnassial (25) is large and stout, 
and the posterior molars (26) are flattened. 

Lateral: From the elevated braincase, the dorsolateral outline curves smoothly 
and relatively gradually down to the plane of the rostrum. The premaxillaries 
(27) extend farther than the nasals (28). The infraorbital foramina (29) are 
small and visible low on the side of the rostrum. Zygomatic arches are more 
stout, and the postorbital processes on the zygomatic arches (30) are small; the 
jugals (31) are large. The auditory meatus (32) is medium. The carnassial (33) 
is large and well developed. The premolars (34) are well spaced, which is 
rarely the case in domestic breeds of similar size. The canines (35) are stout, 
the dentition heavy. Note the length to which the supraoccipital shield (36) 


extends over the occipital condyles (37). 
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Mandible: The mandible is a larger, more robust version of the coyote's, and 
the body (38) is long and curved, tapering slightly to the anterior. The 
coronoid process (39) is near vertical, large, and rounded. The condyle (40) is 
aligned with the toothrow, stout, and barrel-shaped. The angular process (41) 
is small, stout, and rounded. Two mental foramina (42) are evident. 

Similar species: Other wolves, large domestic dogs, and coyotes. See family 
notes. 


Red wolf, Canis rufus 


Greatest length: 198.5-261.0 mm (78/10—103/10 in.) (full table of measurements 
page 592, life-size image page 140, life-size jaw page 172) 

Specimen illustrated: Adult female, MVZ 95809 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. 

Dorsal: Canine skulls have a somewhat slender, triangular outline, especially 
from the posterior of the zygomatic arches forward; red wolf skulls provide 
the middle ground between coyote and gray wolf skulls. The rostrum (1) is 
long and slender, but strong. The nasals (2) are very long and slender, 
extending to the posterior into the orbit and well beyond the maxillaries (3). 
Heavy, widespreading zygomatic arches (4) strongly converge to the anterior. 
Postorbital processes from the frontals (5) are stout, triangular, and convex on 
their dorsal surfaces; postorbital processes are stout and triangular from the 
zygomatic arches (6) as well. The orbits (7) are forward and medium for a 
carnivore, and the temporal fossa (8) is large; the proportions of orbit and 
temporal fossa are more similar to those in coyotes than in other wolves. The 
interorbital (9) and postorbital (10) breadths are near equal, and the postorbital 
breadths tend to be wider than in dogs of similar size. The braincase (11) is 
proportionately between coyotes and gray wolves; temporal ridges (12) are 
well developed and converge at the anterior of the braincase in a V shape to 
form a long and large sagittal crest (13). Occipital crests are well developed, 
and the supraoccipital shield (42) extends far to the posterior. 

Ventral: The long palate (13) terminates at the posterior edge of the last molar 
(14) as in other wolves; in this specimen, however, there is an anomaly in the 
form of a tiny extra molar (15) at the far posterior on the left and behind the 
edge of the palate. The incisive foramina (16) are medium and well forward 
on the palate. The pterygoid region (17) is narrower as in other wolves, and 
the pterygoid processes (18) are long. The mandibular fossa (19) is well 
developed. The auditory bullae (20) are medium, oval, and inflated, 


proportionately similar to coyotes. The foramen magnum (21) is medium, and 
the occipital condyles (22) are stout. The toothrows are very long, the 
carnassial (23) is thin, and the posterior molars (24) are flattened. 
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Lateral: From the elevated braincase, the dorsolateral outline curves smoothly 
and relatively gradually down to the plane of the rostrum. The premaxillaries 
(25) extend farther than the nasals (26). The infraorbital foramina (27) are 
small and visible low on the side of the rostrum. The postorbital processes on 
the zygomatic arches (28) are small; the jugals (29) are stout. The auditory 
meatus (30) is medium. The carnassial (31) is large and well developed. The 
premolars (32) are well spaced, which is rarely the case in domestic breeds of 
similar size. The canines (33) are stout and recurved. The proportions in size 
of zygomatic arches and teeth are a middle ground between the larger wolves 
and the smaller coyote. 

Mandible: The body (34) is long and curved, tapering slightly to the anterior. 
The coronoid process (35) is near vertical, large, and rounded. The condyle 
(36) is aligned with the toothrow, stout, and barrel-shaped. The angular 
process (37) is small, stout, and rounded. Two mental foramina (38) are 
evident. The carnassial (39) is larger than that of coyotes. This specimen is an 
older animal, evident in the broken and smoother canine (40) and missing 
premolars (41). 

Similar species: Other wolves, large domestic dogs, and coyotes. See family 


notes. 


Arctic fox, Vulpes lagopus 


Greatest length: 121.8-134.9 mm (48/10-53/10 in.) (full table of measurements 
page 592, life-size image page 134, life-size jaw page 170) 

Specimen illustrated: Adult male, MVZ 123987 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. 

Dorsal: Canine skulls have a somewhat slender, triangular outline, especially 
from the posterior of the zygomatic arches forward. The rostrum (1) is very 
broad for the family and strong. The nasals (2) are long and slender, extending 
to the posterior to align with the anterior edge of the orbit as well as with the 
maxillaries (3). Heavy, widespreading zygomatic arches strongly converge to 
the anterior. Postorbital processes from the frontals (4) are stout, blunt, and 
convex on their dorsal surfaces; postorbital processes are stout and triangular 
from the zygomatic arches (5) as well. The orbits (6) are forward and 
proportionately larger for a canine, and the temporal fossa (7) is smaller. The 
interorbital breadth (8) is wider than the postorbital (9). The braincase (10) is 
very large and ovoid, forming less than 50 percent of the greatest length of 
skull; temporal ridges (11) are less developed and converge at the far posterior 
of the braincase in a V shape to form a very small sagittal crest (12), if one is 
present at all. Occipital crests are less developed; the supraoccipital shield (13) 
is very small. Mastoid processes often do not show from this perspective and 
are less developed than in the red fox. 

Ventral: The long palate (14) terminates at the midpoint of the last molar; the 
incisive foramina (15) are medium and well forward on the palate. The 
pterygoid region (16) is broad, and the pterygoid processes (17) are long. The 
mandibular fossa (18) is well developed. The auditory bullae (19) are medium, 
oval, and inflated. The foramen magnum (20) is medium, and the occipital 
condyles (21) are stout. The toothrows are very long, the carnassial (22) is 
thin, and the posterior molars (23) are flattened. The front incisors (24) are 
distinctly lobed. 
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Lateral: From the elevated braincase, the dorsolateral outline curves quite 
steeply down to the plane of the rostrum; the inflated frontal region (25) 
creates a relative step (26) and the appearance of a shortened rostrum. The 
premaxillaries (27) extend farther than the nasals (28). The infraorbital 
foramina (29) are small and visible low on the side of the rostrum. The 
postorbital processes on the zygomatic arches (30) are small; the jugals (31) 
are stout. The auditory meatus (32) is medium. The carnassial (33) is large and 
well developed. The premolars (34) are well spaced, which is rarely the case 
in domestic breeds of similar size. The canines (35) are slightly shorter and 
stouter than other foxes, and the incisors are procumbent. The supraoccipital 
shield (36) is shorter than in the red fox. 

Mandible: The body (37) is long and curved, tapering slightly to the anterior. 
The coronoid process (38) is more slender and points more to the posterior. 
The condyle (39) is aligned with the toothrow, stout, and barrel-shaped. The 
angular process (40) is small, stout, and rounded. Two mental foramina (41) 
are evident. 

Similar species: Red foxes, other foxes, domestic dogs, and coyotes. 


Kit fox, Vulpes macrotis 


Greatest length: 101.0-120.3 mm (4—47/10 in.) (full table of measurements page 
592, life-size image page 129, life-size jaw page 168) 

Specimen illustrated: Adult male, MVZ 185243 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. 

Dorsal: Canine skulls have a somewhat slender, triangular outline, especially 
from the posterior of the zygomatic arches forward. The rostrum (1) is long 
and more slender, but strong. The nasals (2) are very long and slender, 
extending to the posterior to align with the anterior edge of the orbit, and just 
short of the maxillaries (3). Heavy, widespreading zygomatic arches (4) 
converge to the anterior; kit and swift foxes have proportionately larger 
zygomatic plates (5). Postorbital processes from the frontals (6) are narrower 
and triangular, pointing to the posterior; postorbital processes are stout and 
triangular from the zygomatic arches (7) as well. The orbits (8) are forward 
and large for a canine, and the temporal fossa (9) is smaller. The interorbital 
and postorbital breadths are near equal. The braincase (10) is large and ovoid, 
approaching 50 percent of the greatest length of skull; temporal ridges (11) are 
weaker and converge at the far posterior of the braincase in a V shape (more 
U-shaped in swift foxes) to form a short sagittal crest (12), if one is present at 
all. Occipital crests (13) are well developed. Mastoid processes (14) are just 
visible from this perspective. 
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Ventral: The long, narrow palate (15) terminates at the posterior edge of the last 
molar (16); the incisive foramina (17) are longer and well forward on the 
palate. The pterygoid region (18) is broad, and the pterygoid processes (19) 
are long. The mandibular fossa (20) is well developed. The auditory bullae 
(21) are larger, oval, and inflated. The foramen magnum (22) is medium, and 
the occipital condyles (23) are stout. The toothrows are very long, the 
carnassial (24) is thin, and the posterior molars (25) are flattened. The 
dentition as a whole is reduced compared with those of other wild canines. 

Lateral: From the elevated braincase (26), the dorsolateral outline curves 
smoothly and gradually down to the plane of the rostrum; the rostrum (27) is 
less deep than in other family members. The premaxillaries (28) extend farther 
than the nasals (29). The interorbital foramina (30) are small and visible low 
on the side of the rostrum. The postorbital processes (31) on the zygomatic 
arches are small; the jugals (32) are stout. The auditory meatus (33) is 
medium. The carnassial (34) is less developed and proportionately smaller 
than in many canines. The premolars (35) are well spaced, which is rarely the 
case in domestic breeds of similar size. The canines (36) are long, very 
slender, and recurved. 

Mandible: The body (37) is more slender and less deep, tapering slightly to the 
anterior. The coronoid process (38) is near vertical, large, and more squared. 
The condyle (39) is just above the toothrow, stout, and barrel-shaped. The 
angular process (40) is small, stout, and rounded. Two mental foramina (41) 
are evident. The dentition is reduced. 

Similar species: Swift foxes, other foxes, and domestic dogs. See family notes. 


Swift fox, Vulpes velox 


Greatest length: 111.4-116.8 mm (4*/10-4%/10 in.) (full table of measurements 
page 592, life-size image page 131, life-size jaw page 168) 

Specimen illustrated: Adult, MCZ B8610 

Dentition: i 3/3 c1/1 p 4/4 m 2/3, total 42. 

Dorsal: Canine skulls have a somewhat slender, triangular outline, especially 
from the posterior of the zygomatic arches forward. The rostrum (1) is long 
and more slender, but strong. The nasals (2) are very long and slender, 
extending to the posterior to align with the anterior edge of the orbit, and just 
short of the maxillaries (3). Heavy, widespreading zygomatic arches (4) 
converge to the anterior; kit and swift foxes have proportionately larger 
zygomatic plates (5). Postorbital processes from the frontals (6) are narrower 


and triangular, pointing to the posterior; postorbital processes are stout and 
triangular from the zygomatic arches (7) as well. The orbits (8) are forward 
and large for a canine, and the temporal fossa (9) is smaller. The interorbital 
and postorbital breadths are near equal. The braincase (10) is large and ovoid, 
approaching 50 percent of the greatest length of skull; temporal ridges (11) are 
weaker and converge at the far posterior of the braincase in a U shape (more 
V-shaped in kit foxes) to form a short sagittal crest (12), if one is present at 
all. Occipital crests (13) are well developed. Mastoid processes are not visible 
in this animal from this perspective. 

Ventral: The long, narrow palate (14) terminates at the midpoint of the last 
molar (15); the incisive foramina (16) are medium and well forward on the 
palate. The pterygoid region (17) is broad, and the pterygoid processes (18) 
are long. The mandibular fossa (19) is well developed. The auditory bullae 
(20) are larger, oval, and inflated. The foramen magnum (21) is medium, and 
the occipital condyles (22) are stout. The toothrows are very long, the 
carnassial (23) is thin, and the posterior molars (24) are flattened. The 
dentition as a whole is reduced compared with those of other wild canines. 
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Lateral: From the elevated braincase, the dorsolateral outline curves smoothly 
and gradually down to the plane of the rostrum; the rostrum (25) is less deep 
than in other family members. The premaxillaries (26) extend farther than the 
nasals (27). The infraorbital foramina (28) are small and visible low on the 
side of the rostrum. The postorbital processes on the zygomatic arches (29) are 
small; the jugals (30) are stout. The auditory meatus (31) is medium. The 
carnassial (32) is well developed, though proportionately smaller than in many 
canines. The premolars (33) are well spaced, which is rarely the case in 
domestic breeds of similar size. The canines (34) are long, very slender, and 
recurved. 

Mandible: The body (35) is more slender and less deep, tapering slightly to the 
anterior. The coronoid process (36) is near vertical, large, and more squared. 
The condyle (37) is aligned with the toothrow, stout, and barrel-shaped. The 
angular process (38) is small, stout, and rounded. Two mental foramina (39) 
are evident. The dentition is reduced. 

Similar species: Kit foxes, other foxes, and domestic dogs. 


Red fox, Vulpes vulpes 


Greatest length: 124.5-157.2 mm (49/10—62/10 in.) (full table of measurements 
page 592, life-size image page 137, life-size jaw page 171) 

Specimen illustrated: Adult male, MCZ 39038 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. 

Dorsal: Canine skulls have a somewhat slender, triangular outline, especially 
from the posterior of the zygomatic arches forward. The rostrum (1) is long 
and more slender than in coyotes. The nasals (2) are very long and slender, 
extending to the posterior into the orbit and just short of the maxillaries (3). 
Heavy, widespreading zygomatic arches (4) strongly converge to the anterior. 
Postorbital processes from the frontals (5) are more slender and triangular, 
pointing to the posterior; there is a depression (6) above the postorbital 
processes. Postorbital processes are stout and triangular from the zygomatic 
arches (7) as well. The orbits (8) are forward and medium for a canine, and the 
temporal fossa (9) large. The interorbital and postorbital breadths are near 
equal. The braincase (10) is large and rounded, forming much less than 50 
percent of the greatest length of skull; temporal ridges (11) are well developed 
and converge at the anterior of the braincase in a V shape to form a sagittal 
crest (12) at the posterior of the skull. Occipital crests are well developed; 
supraoccipital shield (13) is short but broad. 


Ventral: The long, narrow palate (14) terminates at the midpoint of the last 
molar; the incisive foramina (15) are medium and more forward on the palate 
than in arctic foxes; there may be a small, pointed projection (16) over the 
pterygoid region. The pterygoid region (17) is broad, and the pterygoid 
processes (18) are long. The mandibular fossa (19) is well developed. The 
auditory bullae (20) are proportionately larger than those of coyotes, oval, and 
inflated. The foramen magnum (21) is medium, and the occipital condyles 
(22) are stout. The toothrows are very long, the carnassial (23) is thin, and the 
posterior molars (24) are flattened. 
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Lateral: From the elevated braincase, the dorsolateral outline curves smoothly 


and relatively gradually down to the plane of the rostrum; the frontals (25) are 
slightly inflated, though less than in arctic foxes. The premaxillaries (26) 
extend farther than the nasals (27). The infraorbital foramina (28) are small 
and visible low on the side of the rostrum. The postorbital processes on the 
zygomatic arches are small; the jugals (29) are stout. The auditory meatus (30) 
is medium. The carnassial (31) is large and well developed. The premolars 
(32) are well spaced, which is rarely the case in domestic breeds of similar 
size. The canines (33) are long, slender, and recurved. The supraoccipital 
shield (34) extends to the posterior farther than in the arctic fox. 

Mandible: The body (35) is overall more slender than in coyotes, long, and 
curved, tapering slightly to the anterior. The coronoid process (36) is more 
curved to theposterior, large, and rounded. The condyle (37) is aligned with 
the toothrow, stout, and barrel-shaped. The angular process (38) is small, 
stout, and slightly hooked. Two mental foramina (39) are evident. 

Similar species: Arctic foxes, other foxes, coyotes, and domestic dogs. See 
family notes. 

Notes: Grinnell et al. (1937) write that with age, the postorbital processes 
develop further from pointy in young animals to more rounded in adults; the 
sagittal and occipital crests also develop further, and the zygomata spread 
wider. Samuel and Nelson (1982) provide some clues in aging skulls: *The 
presphenoidal-basisphenoid suture closes in the first and second years, and the 
palatal portion of the premaxillary-maxillary suture closes during years four to 
six." 


Common gray fox, Urocyon cinereoargenteus 


Greatest length: 111.6-131.9 mm (4*/10—5?/10 in.) (full table of measurements 
page 594, life-size image page 132, life-size jaw page 169) 

Specimen illustrated: Adult male, LACM 45017 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. 

Dorsal: Canine skulls have a somewhat slender, triangular outline, especially 
from the posterior of the zygomatic arches forward. The rostrum (1) is shorter 
and very slender. The nasals (2) are very long and slender, extending into the 
anterior of the orbit and just beyond the maxillaries (3). Heavy, widespreading 
(though less than in other canines) zygomatic arches (4) strongly converge to 
the anterior; zygomatic plates (5) are proportionately larger. Postorbital 
processes from the frontals (6) are stout and triangular, and there is a 
significant depression (7) just behind them in the frontal bones; postorbital 


processes are slender and triangular from the zygomatic arches (8) as well. 
The orbits (9) are forward and are larger for a canine; the temporal fossa (10) 
is smaller. The interorbital breadth (11) is less than the postorbital. The 
braincase is proportionately very large and oval, approaching 50 percent of the 
greatest length of skull; temporal ridges (12) are well developed, widely 
separate, and distinctively U-shaped, or lyre-shaped, when they converge at 
the posterior of the braincase to form a small sagittal crest (13) (this is unique 
to the gray and island foxes). Between the ridges, the braincase is relatively 
smooth, while outside the cranium is pitted (15). Occipital crests are 
developed; the supraoccipital shield (14) is small. 

Ventral: The long palate (15) terminates at the posterior edge of the last molar 
(16); the incisive foramina (17) are medium and well forward on the palate. 
The pterygoid region (18) is broad, and the pterygoid processes (19) are 
proportionately longer. The mandibular fossa (20) is well developed. The 
auditory bullae (21) are larger, oval, and inflated. The foramen magnum (22) 
is medium, and the occipital condyles (23) are stout. Compared with those of 
other wild canines, the toothrows are proportionately shorter, the carnassial 
(24) is reduced and thin, and the posterior molars (25) are proportionately 
wider and flatter. 

Lateral: From the elevated braincase, the dorsolateral outline curves smoothly 
and relatively gradually down to the plane of the rostrum; the height of the 
rostrum is less than in other canines. Importantly, the braincase does not rise 
significantly above the temporal ridges (26) from this perspective, a character 
of island foxes. The premaxillaries (27) extend farther than the nasals (28). 
The infraorbital foramina are small and visible low on the side of the rostrum. 
The postorbital processes on the zygomatic arches (29) are small; the jugals 
(30) are stout. The auditory meatus (31) is medium. The carnassial (32) is 
smaller. The premolars (33) are well spaced, which is rarely the case in 
domestic breeds of similar size. The canines are shorter, slender, and recurved. 

Mandible: The body (34) is thin, long, and straighter, tapering slightly to the 
anterior. The coronoid process (35) is near vertical, large, and squared. The 
condyle (36)sits slightly above the toothrow and is stout and barrel-shaped. 
The angular process (37) is small, stout, and rounded, and there is a distinctive 
step (38) at the posterior, unique to the gray and island foxes. Two mental 
foramina (39) are evident. 
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Similar species: Island foxes, kit and swift foxes, and domestic dogs. See family 
notes. 

Notes: Males are larger than females. For more details on differentiating 
between gray and island foxes, see the notes in the species account for the 
island fox. 


Island gray fox, Urocyon littoralis 


Greatest length: 96.8-110.3 mm (38/10—43/10 in.) (full table of measurements 
page 594, life-size image page 127, life-size jaw page 166) 

Specimen illustrated: Adult male, LACM 7962 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. 

Dorsal: The island gray fox is a smaller version of the gray fox, with a few 
distinctive characters. Canine skulls have a somewhat slender, triangular 
outline, especially from the posterior of the zygomatic arches forward. The 
rostrum (1) is shorter and very slender. The nasals (2) are very long and 
slender, extending into the anterior of the orbit and aligned with the 
maxillaries (3). Heavy, widespreading (though less than in other canines) 
zygomatic arches (4) strongly converge to the anterior; zygomatic plates (5) 
are proportionately larger. Postorbital processes from the frontals (6) are stout 
and triangular, and there is a significant depression (7) just behind them in the 
frontal bones; postorbital processes are slender and triangular from the 
zygomatic arches (8) as well. The orbits (9) are forward and are larger for a 
canine; the temporal fossa (10) is smaller. The interorbital breadth is less than 
the postorbital. The braincase (11) is proportionately very large and oval, 
approaching 50 percent of the greatest length of skull; temporal ridges (12) are 
well developed, widely sepa rate, and distinctively U-shaped, or lyre-shaped, 
when they converge at the posterior of the braincase to form a small sagittal 
crest (13) (this is unique to the island and gray foxes). Between the ridges, the 
braincase is relatively smooth, while outside the cranium is pitted (14). 
Occipital crests are developed; supraoccipital shield (15) is small. 

Ventral: The long palate (16) terminates at the posterior edge of the last molar 
(17); the incisive foramina (18) are medium and well forward on the palate. 
The pterygoid region (19) is broad, and the pterygoid processes (20) are 
proportionately longer. The mandibular fossa (21) is well developed. The 
auditory bullae (22) are larger, oval, and inflated. The foramen magnum (23) 
is medium, and the occipital condyles (24) are stout. Compared with those of 
other wild canines, the toothrows are proportionately shorter, the carnassial 


(25) is thin, and the posterior molars (26) are proportionately wider and flatter. 

Lateral: From the elevated braincase, the dorsolateral outline curves smoothly 
and relatively gradually down to the plane of the rostrum; the height of the 
rostrum (27) is less than in other canines. Importantly, the braincase (28) rises 
significantly above the temporal ridges (29) from this perspective, a character 
different from the gray fox. The premaxillaries (30) extend farther than the 
nasals (31). The infraorbital foramina (32) are small and visible low on the 
side of the rostrum. The postorbital processes on the zygomatic arches (33) are 
small; the jugals (34) are stout. The auditory meatus (35) is medium. The 
carnassial (36) is smaller. The premolars are well spaced, which is rarely the 
case in domestic breeds of similar size. The canines are short, slender, and 
recurved. 
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Mandible: The body (37) is long and straighter, tapering slightly to the anterior. 
The coronoid process (38) is near vertical, large, and rectangular. The condyle 
(39) sits slightly above the toothrow and is stout and barrel-shaped. The 
angular process (40) is small, stout, and rounded, and there is a distinctive step 
(41) at the posterior, unique to the island and gray foxes. Two mental foramina 
(42) are evident. 

Similar species: The gray fox, kit and swift foxes, and domestic dogs. 

Notes: Males are larger than females. Moore and Collins (1995) explain how to 
differentiate between island and gray foxes: “Cranial characters that 
differentiate island foxes from gray foxes include: smaller size, approximately 
8396 as large (Collins, 1982); nasal bones that are wider relative to their 
lengths; lack of bifurcation along the anterior base of the malar; lyre-shaped 
temporal ridges that are less developed and more widely separated; and a more 
convex roof to the cranium between the temporal ridges (Grinnell et al., 
1937)." Collins (1982) and Moore and Collins (1995) also provide clues to 
determine the relative age of skulls: Juveniles and subadults show no wear on 
the upper first molar, and the basisphenoid-basioccipital and basisphenoid- 
presphenoid sutures are open; young adults have closed sutures but little wear 
on the molar; adults have considerable wear on M1. In addition, Collins 
(1993) provides a diagram to aging specimens using molar tooth wear. 


Family Ursidae: Bears 


The canines of bears are impressive in size but blunt. The molars are broad and 
flattened for crushing, and carnassials are poorly developed for shearing; yet the 
dentition of bears allows for diverse application, from limited shearing to 
powerful crushing. The temporalis muscles are reduced, along with the related 
sagittal crests and postorbital processes. Zygomata are heavy, providing solid 
anchorage for larger masseter muscles and evidence of the balancing of power 
between the anterior and posterior of the jaws, a characteristic of omnivores. 
Mandibles allow for some lateral movement for crushing, as well as solid 
closing of the mouth for power. 

The polar bear exhibits a number of modifications to support a more 
carnivorous diet. Sagittal crests are better developed, and the canines and 
incisors are well developed, for tearing chunks of flesh from a carcass. The 
carnassials are also more sharply cusped. 

Differentiating between black (Ursus americanus) and brown bear (U. 
arctos) skulls is a much more difficult task than might be assumed, because of 
the great variability in size and shape of black and brown bears across North 


America. Various descriptions have been issued: Grinnell et al. (1937) write that 
the skull of the brown bear is narrower than that of the black, and the highest 
point of the skull is farther to the posterior than in blacks. Others report that the 
curvature of the braincase, from the lateral perspective, is more gradual in brown 
bears than in blacks. Hoffmeister (1986) writes that the fourth upper premolar 
(P4) has median accessory cusps in the brown bear, but they are absent in the 
black bear. 

The most reliable means to differentiate between these two closely related 
species seems to be to measure the upper molar teeth in the cranium. Gordon 
(1977) suggests measuring the first molar (the second to last tooth in the row); 
this is greater than 20.4 millimeters long and 10.5 millimeters wide for brown 
bears and less for black bears. In 1955, Storer and Tevis (Craighead and Mitchell 
1982) suggested measuring the posteriormost molar, which they found was 
rarely in brown bears less than 38 millimeters, whereas in the black bear, it was 
less than 31 millimeters. I have measured a number of brown bear molars less 
than 38 millimeters, yet the 31-millimeters cutoff has held firm. Grinnell et al. 
(1937) measured the same posterior molar and provide the cutoff point of 1% 
inches (31.5 millimeters), which is almost identical. 


Members of the family Ursidae: 1. American black bear, male 81581 (U. americanus), 2. Brown 
or grizzly bear, male 323 (U. arctos), 3. Polar bear, male 119065 (U. maritimus). MUSEUM OF VER- 
TEBRATE ZOOLOGY, UC BERKELEY. 


The shape of the posterior molar is also a useful character. The tooth is 


generally widest at the anterior in brown bears but widest at the midpoint in 
black bears. 


American black bear, Ursus americanus 


Greatest length: 235.0-349.0 mm (93/10-137/10 in.) (full table of measurements 
page 594, life-size image page 146, life-size jaw page 172) 

Specimen illustrated: Subadult (?) male, SBMNH 2049 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. Premolars are often lost in life, and 
carnassials are absent. 

Dorsal: Bear skulls are massive, with widespreading zygomatics; large, broad 
frontals; and broad rostrums. The rostrum (1) is shorter than in canines but 
longer than in felines, very broad and strong; the nasals (2) are shorter, stout, 
and triangular, extending to the posterior to the midline of the orbits. The nasal 
vacuity (3) is broad. The zygomatic arches (4) are heavy, widespreading, and 
curved, converging to the anterior; postorbital processes from the frontals (5) 
are thickened and triangular, and from the zygomatics (6) more slender and 
longer. The orbits (7) are small and well forward of the midline of the skull; 
the temporal fossa (8) is very large. The frontal region (9) and interorbital 
breadth are very large and swollen, one of the distinctive features of bear 
skulls. The braincase (10) is large and narrower than the postorbital processes; 
smaller temporal ridges (11) coalesce with age, converging to form a sagittal 
crest (12) at the posterior of the skull. Occipital crests (13) are well developed. 
The mastoid processes (14) are very large and, together with the squamosal 
arm of the zygomatic arch (15), form a shelf at the posterior of the skull. 

Ventral: The long, broad palate (16) extends well beyond the posterior molars. 
Toothrows are long, though proportionately shorter than those of canines. The 
incisive foramina (17) are a bit larger. The pterygoid region (18) is narrow, 
and the pterygoid processes (19) are shorter. The mandibular fossa (20) is well 
developed. Auditory bullae (21) are small, deformed, and flattened. Molars are 
broad and flattened; the posterior molar (22) is broadest at its midpoint. 


11 


DORSAL 


MANDIBLE 


Lateral: The dorsolateral outline is strongly curved, the braincase (23) is well 
elevated, and the skull as a whole is very deep. The premaxillaries (24) extend 
well beyond the nasals (25), and the nasal vacuity (26) is very large and 
sloping. The zygomatics (27) are stout, with narrow postorbital projections 
(28) far to the anterior. The supraoccipital shield (29) extends far beyond the 
occipital condyles (30), which is not the case in polar bears. The auditory 
meatus (31) is small. 

Mandible: The mandible is heavy; the body (32) is deep and straight, and then 
curves at the anterior. The coronoid process (33) is large, stout, and rounded, 
curving to the posterior. The condyle (34) is stout and barrel-shaped. The 
angular process (35) is slender and longer, pointing to the posterior. Two 
mental foramina (36) are evident. 

Similar species: Brown and polar bears (family notes), gray wolves, and large 
domestic dogs. 

Notes: Sexing skulls by the size of the canine teeth is described in Sauer (1966). 


Brown or grizzly bear, Ursus arctos 


Greatest length: 230.3-422.0 mm (91/10-16%/10 in.) (full table of measurements 
page 596, life-size image page 149, life-size jaw page 175) 


Specimen illustrated: Adult male, MVZ 223 

Dentition: i 3/3 c 1/1 p 4/4 m 2/3, total 42. Premolars are often lost in life, and 
carnassials are lacking. 

Dorsal: Bear skulls are massive, with widespreading zygomatics; large, broad 
frontals; and broad rostrums. The rostrum (1) is shorter than in canines but 
longer than in felines, very broad and strong; the nasals (2) are shorter, stout, 
and triangular, extending to the posterior to the midline of the orbits. The nasal 
vacuity (3) is broad. The zygomatic arches (4) are heavy, widespreading, and 
curved, converging to the anterior; postorbital processes from the frontals (5) 
are thickened and triangular, and from the zygomatics (6) more slender and 
longer. The orbits (7) are small and well forward of the midline of the skull; 
the temporal fossa (8) is very large. The frontal region (9) and interorbital 
breadth are very large and swollen, one of the distinctive features of bear 
skulls. The braincase (10) is large and as wide as the postorbital processes; 
smaller temporal ridges (11) coalesce with age, converging to form a sagittal 
crest (12) at the posterior of the skull. Occipital crests (13) are well developed. 
The mastoid processes (14) are very large and, together with the squamosal 
arm of the zygomatic arch (15), form a shelf at the posterior of the skull. Note 
also the incredible asymmetry of the temporal ridges and crests in this animal. 

Ventral: The long, broad palate (16) extends well beyond the posterior molars. 
Toothrows are long, though proportionately shorter than those of canines. The 
incisive foramina (17) are a bit larger. The pterygoid region (18) is narrow, 
and the pterygoid processes (19) are shorter. The mandibular fossa (20) is well 
developed. Auditory bullae (21) are small, deformed, and flattened. Molars are 
broad and flattened; the posterior molar (22) is broadest at the anterior. The 
foramen magnum (23) is small, and occipital condyles (24) are stout. 
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Lateral: The dorsolateral outline is strongly curved, the braincase (25) is well 
elevated, and the skull as a whole is very deep. The domed forehead (26) in 
this animal is characteristic of coastal brown bears on and near Kodiak Island, 
Alaska; interior brown bears and southern populations have a dorsolateral 
outline more similar to that of the black bear. The premaxillaries (27) extend 
beyond the nasals (28), and the nasal vacuity (29) is very large and sloping. 
The zygomatics (30) are stout, with narrow postorbital projections (31) far to 
the anterior. The supraoccipital shield (32) extends far beyond the occipital 
condyles (33), which is not the case in polar bears. The auditory meatus (34) is 
small. 

Mandible: The mandible is heavy; the body (35) is deep and straight, and then 
curves at the anterior. The coronoid process (36) is large, stout, and rounded, 
curving to the posterior. The condyle (37) is stout and barrel-shaped. The 
angular process (38) is slender and longer, pointing to the posterior. Mental 
foramina (39) are evident. 

Similar species: Black and polar bears (family notes), gray wolves, and large 
domestic dogs. 

Notes: There is tremendous size variation in brown bears depending on 
geographic range, so much so that specimens of unknown origin are difficult 
to sex based on cranial measurements (Rausch 1953). The largest Alaska 
brown bear skull to be recorded measured 455.6 millimeters long and 325.4 
millimeters wide (Schartz et al. 2003). 


Polar bear, Ursus maritimus 


Greatest length: 318.0-410.0 mm (12°/10-16'/10 іп.) (full table of 
measurements page 596, life-size image page 154, life-size jaw page 175) 

Specimen illustrated: Adult male, MVZ 119065 

Dentition: i 3/3 c 1/1 p 2—4/2-4 m 2/3, total 34—42. Premolars are often lost in 
life. 

Dorsal: Bear skulls are massive, with widespreading zygomatics; large, broad 
frontals; and broad rostrums. The rostrum (1) is broader and more robust than 
in black and brown bears; the nasals (2) are short, stout, and triangular, 
extending to the posterior to the midline of the orbits. The nasal vacuity (3) is 
broad. The zygomatic arches (4) are heavy, widespreading, and curved, 
converging to the anterior; postorbital processes from the frontals (5) are 
thickened and triangular, and from the zygomatics (6) more slender and 
longer. The orbits (7) are very small and well forward of the midline of the 


skull; the temporal fossa (8) is larger than in other bears. The frontal region (9) 
and interorbital breadth are proportionately larger than in other bears; the 
postorbital is narrower. The braincase (10) is large and narrower than the 
postorbital processes; well-developed temporal ridges (11) coalesce with age, 
converging to form a large sagittal crest (12) for the length of the braincase. 
Occipital crests are well developed; the supraoccipital shield (13) is wider. 
The mastoid processes (16) are very large and, together with the squamosal 
arm of the zygomatic arch (17), form a shelf at the posterior of the skull. 

Ventral: The long, broad palate (18) extends well beyond the posterior molars. 
Toothrows are long, though proportionately shorter than those of canines. The 
incisive foramina (19) are a bit larger. The pterygoid region (20) is narrow, 
and the pterygoid processes (21) are shorter. The mandibular fossa (22) is well 
developed. Auditory bullae (23) are small, deformed, and flattened. Molars are 
flattened, though a small shearing surface (24) is developed. The molars as a 
whole are reduced compared with those of black and brown bears; polar bear 
teeth are primarily used for tearing. 

Lateral: The dorsolateral outline is flatter than in the other bears, the braincase 
(25) less elevated, and the rostrum (26) longer and deeper. The premaxillaries 
(27)extend beyond the nasals (28), and the nasal vacuity (30) is very large and 
sloping. The zygomatics (31) are stouter and deeper than in black and brown 
bears, with stouter postorbital projections (32) far to the anterior. The posterior 
edge of the supraoccipital crest (33) is aligned with the posterior of the 
condyles (34), which is not the case in black and brown bears. The auditory 
meatus (35) is small. 
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Mandible: The mandible is heavy; the body (36) is more slender and straight, 
and then curves at the anterior. The coronoid process (37) is large, stout, and 
rounded, curving to the posterior. The condyle (38) is stout and barrel-shaped. 
The angular process (39) is slender and longer, pointing to the posterior. Two 
mental foramina (40) are evident. 

Notes: Sexual dimorphism is the most pronounced of any bear (Amstrup 2003). 
Premolars are small, creating a larger gap between canines and molars, an 
adaptation believed to aid in holding large prey. Amstrup includes a means of 
determining age in polar bears using tooth replacement and wear. Bears in 
their first fall and winter have small, cone-shaped canines; early in their 
second year, the teeth are still conical in cross section, meaning they are not 
fully erupted; and in their second winter, just before their second birthday, 
their canines finally reach adult status and have distinctive bases and crowns. 
Larsen (1971) provides research that differentiated males from females in one 
population by the length of the toothrows, measured from the anterior of P4 to 
the posterior of M2, and on the mandible from the anterior of p4 to the 
posterior of m3. Upper toothrows: males 58 to 70 millimeters, females 50 to 
60. Mandibular toothrow: males 68 to 78 millimeters, females 60 to 70. 

Similar species: Brown bears, black bears, elephant seals, sea lions, and wolves. 


Family Otariidae: Sea lions and fur seals 

Eared seals are characterized by their large orbits and large postorbital processes. 
Their teeth are simple and conical, ideal for capturing, holding, and tearing 
slippery fish and squid, which constitute much of their diet. The mandible is 
afforded considerable lateral movement as well. 


Select members of Otariidae: Female (1) and male (2) California sea lions (Zalophus californi- 
anus) 4103 and 139211, and below female (3) and male (4) Steller's sea lions (Eumetopias juba- 
tus) 186326 and 13680. MUSEUM OF VERTEBRATE ZOOLOGY, UC BERKELEY. 


California sea lion, Zalophus californianus 


Greatest length: 232.9-304.8 mm (92/10—12 in.) (full table of measurements 
page 596, life-size image pages 140 and 145, life-size jaw page 173) 

Specimen illustrated: Adult male, SBMNH 941, adult female, dorsal only, 
private collection. 

Dentition: i 3/2 c 1/1 p 4/4 m 2/1, total 36. 

Dorsal: California sea lion skulls are large, slender, and triangular, with well- 
developed postorbital processes and peglike teeth. The rostrum (1) is relatively 
long and slender; the nasals (2) are shorter and triangular, tapering to the 
posterior. The zygomatic arches (3) are long and widespreading, and they 
strongly converge to the anterior. Postorbital processes (4) are large, well 
developed, triangular, and situated far forward on the skull; the orbits (5) are 
relatively large and forward facing, and the temporal fossa (6) is large. The 
interorbital region (7) is broad, and the interorbital breadth is much wider than 
the very constricted postorbital breadth. The braincase (8) is squared and less 
than 50 percent of the greatest length of skull; temporal ridges (9) are well 
developed, coalesce with age, and converge on the frontals in adult males to 
form a large sagittal crest (10) that extends for more than half the length of the 
skull. Occipital crests (11) are less developed. The mastoid processes (12) are 
large and visible. 

Ventral: The broad palate (13) extends well beyond the posterior teeth. The 
incisive foramina (14) are relatively long and extend to the posterior beyond 
the canines. The pterygoid region (15) is broad. The mandibular fossa (16) is 
well developed. Auditory bullae (17) are small and flattened. The foramen 
magnum (18) is large, and the occipital condyles (19) are stout. The posterior 
lacerate foramina (20) are large and distinctive, located just anterior to the 
smaller condylar foramen (21), which is also very large and distinctive when 
compared with other carnivores. 
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Lateral: The dorsolateral outline varies with sex and age, from relatively level 
in females and immature males to significantly convex in older males. The 
anterior edges of the premaxillaries (22) extend much farther than the nasals 
(23); the nasal vacuity (24) is large and sloping. The zygomatics (25) are 
curved, and postorbital processes (26) are developed on the jugals. The 
pterygoid processes (27) are short. The auditory meatus is obscured. The 
canine (28) is long and stout, the outer mostincisor (29) is caninelike, and the 
remaining dentition is peglike, with mushroom-like tops. Teeth are colored 
with brown pigment. 
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Mandible: The mandible is long, strong, and slender. The coronoid process (30) 
is large, high, and rounded. The condyle (31) is long, stout, and barrel-shaped, 
and it sits aligned with the toothrow. The angular process (32) is reduced and 
pointed, and there is a distinctive step (33) in the ventral outline at the 
posterior of the mandible. The canine (34) is large. On the inside of the 
mandible, the mandibular symphysis does not fuse with the paired mandible. 

Similar species: Northern fur seal, Steller's sea lion, harbor seal, bears, and 
wolves. Nasals are longer and more slender than in northern fur seal. The 
spacing of the last upper molar can be used to distinguish between sea lion 
species: In California sealions, the last upper molar is spaced roughly evenly 
with the other molars; in Steller's sea lions (Eumetopias jubatus), it is farther 
back, creating a larger, disproportionate space between them. 

Notes: Males are much larger than females, as seen in the photograph on page 
400. 


Family Odobenidae: Walruses 


The walrus skull is very distinctive, heavy and solid. The great weight of a 
walrus's skull is thought to aid the animal when breaking through ice flows to 
create breathing holes in winter. The ivory tusks are also distinctive, modified 
upper canines that grow larger in males than in females. During the breeding 
season, males use their tusks to attract females, and in defense. The skull is also 
accentuated to the posterior by massive mastoid processes and very large 
occipital condyles, both adaptations that allow these rotund beasts to haul 
themselves onto ice flows using only their tusks as anchorage and leverage. The 
orbits of the walrus are also high and relatively unobstructed by surrounding 
bones, allowing this pinniped to look directly upward, an adaptation researchers 
believe aids it while plowing through ice and other debris. (Kastelein 2002) 


Walrus, Odobenus rosmarus 


Greatest length: 319.0-396.0 mm (12°/10-15°/10 in.) (full table of 
measurements page 598, life-size image page 150, life-size jaw page 176) 

Specimen illustrated: Adult male, MVZ 119066 

Dentition: i 1/0 c 1/1 p 3/3 m 0/0, total 18. 

Dorsal: Walrus skulls are distinctively dense, incredibly heavy, and rectangular 
in outline. The rostrum (1) is very broad and strong because of enlarged 
maxillaries to accommodate the tusks; the nasals (2) are broad and 


rectangular. The zygomatic arches (3) are short, stout, and bowed outward. 
Postorbital processes (4) are well developed and far forward on the frontal 
bones; the orbits (5) are medium and forward facing, and the temporal fossa 
(6) is large. The interorbital region (7) is very broad, and the interorbital 
breadth is considerably wider than the very constricted postorbital breadth (8). 
The braincase (9) is large, short, and very broad; temporal ridges are weak, 
coalescing with age, and occipital crests (10) are developed. The mastoid 
processes (11) are large and swollen. 

Ventral: The very large and broad palate (12) extends well beyond the posterior 
molars and is over half the greatest length of the skull. The incisive foramina 
are obscured. The pterygoid region (13) is short and broad. The mandibular 
fossa (14) is poorly developed. Auditory bullae (15) are small and flattened. 
The foramen magnum (16) is large, and the occipital condyles (17) are stout. 
The teeth posterior to the tusks are all simple and peglike; the first tooth (18) 
in each row is an incisor. 

Lateral: The modified canines, or tusks, (19) of the walrus dominate the skull 
structure and make their skulls quite distinctive. The anterior edges of the 
premaxillaries (20) extend farther than the nasals (21), and the nasal vacuity 
(22) is large and rounded. The zygomatics are thick, and the jugals have well- 
developed postorbital processes (23). The auditory meatus is obscured, and the 
foramen magnum (24) is elevated to the midpoint of the skull. 
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Mandible: The mandible is heavy and rounded. The coronoid process (20) is 
vertical, triangular, and rounded. The condyle (21) is stout and blunt, and it 
sits aligned with the toothrow. The angular process (22) is much reduced, and 
there is a step along the ventral surface at the posterior of the mandible. 
Mandibular symphysis is deep, fused in adults, and a small anterior process 
projects from each mandible (23). 

Notes: Tusks occur in both sexes; male tusks are more elliptical, more robust, 
and straighter. 

Similar species: Steller's sea lions and manatees. 


Family Phocidae: Earless or hair seals 


Hair seals are characterized by their large orbits and lack of postorbital 
processes. Their teeth are cusped and conical, ideal for capturing, holding, 
gulping, and tearing slippery fish and squid, which constitute much of their diet. 
Conical teeth are also ideal for crushing and piercing tough mollusk shells, much 
like shrews do insect exoskeletons. The mandible is afforded considerable lateral 
movement as well. 


The incredible sexual dimorphism in Northern elephant seals (Mirounga angustirostris) is 
apparent when comparing the massive male's skull and much smaller female's. MUSEUM OF VER- 
TEBRATE ZOOLOGY, UC BERKELEY 113479, 184140. 


Harbor seal, Phoca vitulina 


Greatest length: 174.9-221.0 mm (69/10-87/10 in.) (full table of measurements 
page 598, life-size image page 139, life-size jaw page 171) 

Specimen illustrated: Adult female, SBMNH 1683 

Dentition: i 3/2 c 1/1 p 4/4 m 1/1, total 34. 

Dorsal: Harbor seal skulls are flattened, with slender rostrums, large orbits, and 
rounded braincases. The rostrum (1) is slender and triangular; the nasals (2) 
are long and slender, tapering to the posterior, where they extend between the 
frontal bones (3); their anterior edges are notched (4). The zygomatic arches 
(5) are widespreading and converge to the anterior. Postorbital processes on 
the frontals are absent or very small, but better developed on the zygomatic 
arches (6); the orbits (7) are large and forward facing, and the temporal fossa 
(8) is reduced. The interorbital region (9) is very narrow and constricted. The 
braincase (10) is large, round, and less than 50 percent of the greatest length of 
skull; temporal ridges are weak, coalescing with age, though the surface of the 
braincase becomes more textured and rugose with age. Occipital crests (11) 
are weak. The mastoid processes (12) are large and swollen, forming a shelf 
with the squamosal arm of the zygomatic arch (13). 

Ventral: The broad, triangular palate (14) extends well beyond the posterior 
molars; the posterior edge is V-shaped (15). The incisive foramina (16) extend 
to the posterior farther than the canines. The pterygoid region (17) is very 
broad. The mandibular fossa (18) is well developed. Auditory bullae (19) are 
larger, slightly more inflated, and spaced well apart. The foramen magnum 
(20) is medium, and the occipital condyles (21) are stout. The jugular foramen 
(23) is wide. 

Lateral: The dorsolateral outline is relatively straight, and then drops down 
steeply from the tip of the nasals to the tip of the rostrum. The anterior edges 
of the premaxillaries (24) extend much farther than the nasals (25), and the 
upper end of the premaxillaries (26) makes contact with the nasals; the nasal 
vacuity (27) is large and sloping. The zygomatics are thick, and the jugal (28) 
is shorter. The pterygoid processes (29) are short. The auditory meatus (30) is 
very small, and the auditory bullae (31) are low. The foramen magnum (32) is 
slightly elevated. The canines (33) are relatively reduced, and the cheek teeth 
(34) have two to three cusps each, giving them a serrated appearance, whereas 
gray seals have simple peglike teeth. 
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Mandible: The mandible is long and slender, with a large ramus (35). The 
coronoid process (36) is tall and angular, pointing to the posterior. The 
condyle (37) is thick, stout, and barrel-shaped, and it sits well above the 
toothrow. The angular process (38) is reduced and rounded, with a distinctive 
step (39) low down on the posterior edge. The dentition is serrated (40). 

Similar species: Gray seals, other seals, sea lions, coyotes, wolves. 

Note: Harbor seals are less sexually dimorphic than other pinnipeds. 


Northern elephant seal, Mirounga angustirostris 


Greatest length: 232.6-525.0 mm (9/10-207/10 in.) (full table of measurements 
page 598, life-size image pages 146 and 157, life-size jaw page 177) 

Specimens illustrated: Adult male, SBMNH 1854; adult female (dorsal only), 
MVZ 184140 

Dentition: i 2/1 c 1/1 p 44m 1/1, total 30. 

Dorsal: It is more difficult to describe a species in which the skulls of males and 
females are so radically disproportionate. Yet many features are shared by 
both sexes, and only the proportions are different. The rostrum (1) is short and 
broad, much broader in the male; the nasals (2) are tiny, tapering to the 


posterior, where they extend between the frontal bones (3); the nasal vacuity 
(4) is enlarged, massive in males. The zygomatic arches (5) are bowed and 
stout. Postorbital processes are absent; the orbits (6) are relatively large and 
forward facing, and the temporal fossa (7) isreduced. The interorbital region 
(8) is long, very narrow, high, and constricted. The braincase (9) is broad, 
proportionately much larger and rounder in the female (9); the male's is 
distinctively notched at the posterior; temporal ridges are weak in the female 
but form a small sagittal crest in males. Occipital crests (10) are developed. 
The mastoid processes (11) are large and swollen, forming a shelf with the 
squamosal arm of the zygomatic arch (12). 
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Ventral: The broad palate (13) extends well beyond the posterior molars. The 
incisive foramina are obscured. The pterygoid region (14) is very broad. The 
mandibular fossa (15) is developed. Auditory bullae (16) are large and 
flattened. The foramen magnum (17) is large, and the occipital condyles (18) 
are stout, more so in males than females. There are only four incisors, the 
outer two (19) somewhat canine-shaped. 

Lateral: The dorsolateral outline is disrupted in both sexes by the steep drop 


(20) from the tips of the nasals to the anterior of the premaxillaries (21), 
creating a very large shelf and nasal vacuity (22). In males, the occipital bone 
(23) extends above the braincase. The zygomatics are thick and the jugals are 
short (24) but contribute to the large postorbital processes (25). The auditory 
meatus is obscured, and the foramen magnum (26) is slightly elevated. The 
canines (27) are stout, and the remaining dentition (28) is reduced and peglike. 
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Mandible: The mandible is large and curved. The coronoid process (29) is high 
and triangular. The condyle (30) is stout and barrel-shaped, sitting well above 
the toothrow. The angular process (31) is greatly reduced and rounded. The 
canines (32) are large, and there is only one incisor, hidden from view. 

Similar species: Mature males: Steller's sea lions and bears. Young males and 
females: California sea lions, seals, and bears. 

Notes: Males are much larger than females, as compared in the photograph on 
page 405. 


Family Procyonidae: Ringtails, raccoons, and coatis 


Raccoons are likely the best-known procyonid, and family descriptions generally 
follow the raccoon model. In general, the canines are blunter and shorter; they 
are larger and bladelike in the coati and slightly more slender in the more 
carnivorous ringtail. In general, molars are broad and flattened for crushing, yet 


the dentition of ringtails is more sharply cusped. In general, the carnassials are 
poorly developed for shearing, but they are more developed in the ringtail. 
Temporalis muscles are not large, and sagittal crests and postorbital processes 
are generally small, though they are exceptionally large in male coatis. The 
dentition overall supports an omnivorous diet, though the ringtail’s 
modifications support its more carnivorous diet. There is some lateral movement 
in the mandibles, which aids in crushing, yet the articulation is strong enough to 
also provide good power when closing the mouth. 


Members of Procyonidae, all males: 1. Ringtail 4661 (Bassariscus), 2. White-nosed coati 59444 
(Nasua), 3. Northern raccoon 87484 (Procyon). NATURAL HISTORY MUSEUM OF LOS ANGELES COUNTY. 


Ringtail, Bassariscus astutus 


Greatest length: 70.4-84.8 mm (28/10—33/10 in.) (full table of measurements 
page 598, life-size image page 123, life-size jaw page 164) 

Specimen illustrated: Adult male, LACM 9368 

Dentition: i 3/3 c 1/1 p 3/4 m 3/2, total 40. 

Dorsal: The ringtail skull is small and rounded, with very widespreading yet 
very slim zygomatic arches, a slender rostrum, and a large braincase. The 
rostrum (1) is very slender. The nasal sutures (2) are fused and obscured in 
adult animals. Slender, widespreading zygomatic arches (3) strongly converge 
to the anterior; zygomatic plates (4) are proportionately larger than in other 
carnivores. Postorbital processes from the frontals (5) are large and triangular, 
and from the zygomatic arches (6) are slender and triangular. The orbits (7) 
are large and face forward, and the temporal fossa (8) is large. The interorbital 
breadth (9) is approximately equal to the constricted postorbital breadth. The 
braincase (10) is very large, flattened, oval, and approximately 50 percent of 
the greatest length of skull; temporal ridges (11) are small, widely separate, 
and distinctively U-shaped, or lyre-shaped, when they converge at the 
posterior of the braincase in some animals to form a small sagittal crest; the 
braincase is relatively smooth. Occipital crests (12) are developed, and the 
mastoid processes (13) are larger and visible, forming a shelf with the 
squamosal arm of the zygomatic arch (14). 

Ventral: The narrow palate (15) terminates with the posterior edge of the last 
molar (16), and a pointy projection (17) extends over the pterygoid region; the 
incisive foramina (18) are large and situated at the far anterior edge of the 
palate. The pterygoid region (19) is narrow, and the pterygoid processes (20) 
are long. The mandibular fossae (21) are well developed. The auditory bullae 
(22) are medium, oval, and inflated. The foramen magnum (23) is large, and 
the occipital condyles (24) are smaller. The toothrows are proportionately 
shorter than in wild canines, and the carnassial (25) is more developed than in 
other procyonids; the posterior molars (26) are wider than long, and flattened. 

Lateral: From the elevated braincase (40), the dorsolateral outline curves 
smoothly and relatively gradually down to the plane of the rostrum. The 
premaxillaries (27) extend farther than the nasals (28); the nasal vacuity (29) 
is relatively large and angled. The infraorbital foramina (30) are larger and 
visible low on the side of the rostrum. The postorbital processes on the 
zygomatic arches (31) are small. The auditory meatus (32) is medium. The 
premolars are well spaced, and the canines (33) are long and slender. 
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Mandible: The body (34) is long, slender, and curved. The coronoid process 
(35) is high and slender, pointing to the posterior; the posterior edge (36) is 
concave. The condyle (37) sits just above the toothrow and is stout and barrel- 
shaped. The angular process (38) is small, slender, and pointed, and it curves 
to the posterior. Two mental foramina (39) are evident. The dentition is sharp. 

Similar species: River otters, small foxes, and domestic cats. 

Notes: Grinnell et al. (1937) describe the following changes in the skull with 
increased age: increased zygomatic breadth, sharper and wider-spreading 
postorbital processes, a closer approach of temporal ridges, and a narrowing of 
the postorbital constriction. They also write that when females and males of 
corresponding age are compared, males have larger skulls and more developed 
temporal and occipital ridges. Gilbert (1980) provides a visual means to 
determine males from females—in females the temporal ridges are much 
closer together. 


Northern raccoon, Procyon lotor 


Greatest length: 93.6-135.5 mm (37/10-55/10 in.) (full table of measurements 
page 598, life-size image page 130, life-size jaw page 167) 

Specimen illustrated: Adult female, SBMNH 875 

Dentition: i 3/3 c 1/1 p 4/4 m 2/2, total 40. Variation in the number of premolars 
has been recorded. Teeth are for crushing—flattened, broad, and without deep 
cusps. 

Dorsal: The raccoon skull is triangular in outline, with a short, broad rostrum; 
long, widespreading zygomatic arches, and a large braincase. The rostrum (1) 
is shorter and broad. The nasals (2) are long and constricted (3) at their 
midpoints; sutures obscure with old age. Strong, widespreading zygomatic 
arches (4) converge to the anterior; zygomatic plates (5) are larger. Postorbital 
processes from the frontals (6) are small and triangular, and from the 
zygomatic arches (7) are slender and triangular. The orbits (8) are medium and 
face forward, and the temporal fossa (9) is large. The interorbital breadth is 
approximately equal to the postorbital. The braincase (10) is very large, oval, 
relatively smooth, and approaching 50 percent of the greatest length of skull; 
temporal ridges (11) are well developed, converging high on the skull in a V 
shape to form a long sagittal crest (12). Occipital crests are developed, and the 
supraoccipital shield (13) is small. Mastoid processes (14) are large but not 
inflated. 

Ventral: The very long palate (15) narrows considerably as it extends beyond 


the posterior molars, and it terminates with a large, pointy projection (16) over 
the pterygoid region; the incisive foramina (17) are small and forward of the 
canines. The pterygoid region (18) is small, and the pterygoid processes (19) 
are short. The mandibular fossae (20) are well developed. The auditory bullae 
(21) are medium, oval, and inflated. The foramen magnum (22) is medium, 
and the occipital condyles (23) are stout. The posterior molars are all flattened 
and blunt, and a developed carnassial is absent; the fourth and fifth cheek teeth 
(24) are larger than sixth (last molar). 
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Adult female on the left, and an adult male on the right. SANTA BARBARA MUSEUM OF NATURAL HIS- 
TORY 874, 875. 


Lateral: From the elevated braincase, the dorsolateral outline curves smoothly 
down to the plane of the rostrum. The premaxillaries (25) extend farther than 
the nasals (26); the nasal vacuity (27) is medium and sloping. The infraorbital 
foramina (28) are small and visible low on the side of the rostrum. The 
postorbital processes (29) on the zygomatic arches are small; the jugals (30) 
are stout. The auditory meatus (31) is medium. The premolars (32) are tightly 
spaced. The canine (33) is large and straight. 

Mandible: The body (34) is long and curved. The coronoid process (35) is large, 
rounded, and curved strongly to the posterior; the posterior edge (36) is 
concave. The condyle (37) is aligned with the toothrow, stout, and barrel- 
shaped. The angular process (38) is small, slender, and pointed, pointing to the 
posterior; there is a steep incline (39) to the posterior just beyond the last 
molar. 


Similar species: Often confused with badgers. Also, coatis, otters, fishers, and 
foxes. 

Notes: Males have more developed sagittal crests, larger canines, and reach a 
larger overall size than females (see above image). Individual variation is 
great when comparing across geographic populations and age classes. Gehrt 
(2003) reports that the largest raccoons are found in the U.S. Northwest and 
the smallest in the Southeast. 


White-nosed coati, Nasua narica 


Greatest length: 119.4-138.0 mm (47/10-5*/10 in.) (full table of measurements 
page 600, life-size image page 135, life-size jaw page 169) 

Specimen illustrated: Adult male, LACM 59444 

Dentition: i 3/3 c 1/1 p 4/4, m 2/2, total 40. 

Dorsal: The coati skull is somewhat doglike, with a triangular outline and long, 
slender rostrum. Yet confusion should be short-lived. The rostrum (1) is long, 
slender, and distinctly constricted (2) at its midpoint. The nasals (3) are long, 
but sutures are obscured in adult animals. Heavy, widespreading zygomatic 
arches (4) strongly converge to the anterior; zygomatic plates (5) are small. 
Postorbital processes from the frontals (6) are stout and pointed. The orbits (7) 
are medium, and the temporal fossa (8) is large. The interorbital breadth (9) is 
greater than the postorbital. The braincase (10) is medium, oval, and much less 
than 50 percent of the greatest length of skull; temporal ridges (11) are well 
developed, converging high on the skull to form a sagittal crest (12). (Males 
develop large crests with age, whereas younger males and females may have 
relatively smooth craniums.) Occipital crests are developed, and the 
supraoccipital shield (13) is narrow. 

Ventral: The exceptionally long palate (14) is depressed along the midline (15), 
and it terminates near the squamosal arm of the zygomatic arches; three 
incisive foramina (16) are well forward on the palate. The pterygoid region 
(17) is small and narrow. The mandibular fossa (18) are well developed. The 
auditory bullae (19) are medium, round, and very inflated. The foramen 
magnum (20) is medium, and the occipital condyles are stout. There is a 
significant gap (21) between the slender canine and first premolar; the 
posterior molars are wide and flattened, and the fourth cheek tooth (M1) (22) 
is as long as wide. 
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Lateral: From the elevated braincase, the dorsolateral outline curves smoothly 
down the swollen frontals (23) to the plane of the rostrum; the premaxillaries 
(24) extend to the anterior far beyond the nasals (25), and the nasal vacuity 
(26) is low and long. The infraorbital foramina (27) are small and visible low 
on the side of the rostrum. The postorbital processes on the zygomatic arches 
are absent. The auditory meatus (28) is small. The premolars (29) are tight 
together, and the canines (30) are triangular, knifelike, and very distinctive. 
Note also the development of the sagittal crest (31). 


Adult male coati on the left, and adult female on the right. NATURAL HISTORY MUSEUM OF LOS ANGE- 
LES COUNTY 59444, 24826. 


Mandible: The body (32) is long and straighter, but the mandible curves steeply 
up (33) posterior to the last molar. The coronoid process (34) is vertical, 
rounded, and shorter. The condyle (35) sits above the toothrow and is stout 
and barrel-shaped. The angular process (36) is small, slender, and pointed. The 
canines (37) are large, knifelike, and distinctive. 

Similar species: Foxes, coyotes, raccoons, badgers, and opossums. 

Notes: Males are larger and have a more developed sagittal crest than females 
(see page 416). 


Family Mustelidae: Weasels, otters, and badgers 


Mustelids are a diverse group in size and form, from the tiny least weasel to the 
massive sea otters. In general, the family is characterized by their long and 
slender canines, well-developed carnassials, and short, rounded mandibles. 
Temporalis muscles attach to longer, larger braincases and well-developed 
sagittal crests. Smaller zygomatics reveal the much lesser development of the 
masseter muscles. 

In otters, 80 percent of the muscle weight attached to the mandibles is in the 
temporalis muscles (Ewer 1973). Longer braincases provide ample area for 
temporalis muscles to expand and attach, which allows them to pull the short 
jaws from farther to the posterior than in other carnivores. This shift in angles 
and physics allows for power to be delivered at the anterior of the mouth to drive 
canines home when biting to kill, as well as to be shared with the area of the 
dentition where the carnassials sit. Whereas greater development of the masseter 
muscles is the more common means to ensure strong shearing capabilities, the 
longer braincase and shortened dentition and mandibles of mustelids provide an 
alternate means to the same end. In addition, mustelids have a more tightly 
articulated mandible, allowing for little lateral movement and the focusing of 
power when closing the mouth—characteristics of a true carnivore. 
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From left to right, note the development of the sagittal crest in male fishers (Martes pennanti) 
with age. Using Powell et al. (2004) as a guide and several known specimens, I've labeled the 
approximate age of the specimens photographed. These are not definite ages, but best 
guesses. MUSEUM OF COMPARATIVE ZOOLOGY, HARVARD U 58256, 7437, 59142, 62223, 62615, 62033, 58265. 


Members of Mustelidae: 1. Black-footed ferret, male 77840 (M. nigripes), 2. American mink, male 
12904 (M. vison), 3. Long-tailed weasel, male 13778 (M. frenata), 4. Ermine, male 78129 (M. 
erminea), 5. Least weasel, male 71641031 (M. nivalis), 6. American marten, male 134566 (Martes 
americana), 7. Fisher, male 23883 (Martes pennanti), 8. Northern river otter, female 12475 (Lon- 
tra canadensis), 9. Wolverine, male 12223 (Gulo gulo), 10. American badger 44202 (Taxidea 
taxus), 11. Sea otter, male 16330 (Enhydra lutris). MUSEUM OF VERTEBRATE ZOOLOGY, UC BERKELEY. 


Several mustelids are variations on the model above, having specialized in 
various ways to succeed in niches where other animals cannot. The flattened 
dentition of badgers and sea otters provides excellent surfaces for crushing 
vegetation, sea urchins, crabs, and bones. Like Africa's hyenas, wolverines have 
stout and strong carnassials, and the musculature to work them, allowing them to 
break bones that most animals cannot. Thus the wolverine can scavenge at 
carcasses long since abandoned by other animals. 

Adult male fishers have exceptional sagittal crests. The male's sagittal crest 
has begun developing by nine months of age, and by eleven months it is well 
developed, though not yet extending beyond the supraoccipital bones. In adult 
males, the sagittal crest continues to enlarge both vertically and to the posterior, 
extending over the occiput. Small sagittal crests may or may not be present in 
females. A visual presentation of the development of sagittal crests in males can 
be seen on page 417, and in both males and females of various ages in Powell et 
al. (2003). 


American marten, Martes americana 


Greatest length: 67.7-87.9 mm (27/10-3°/ıo in.) (full table of measurements 
page 600, life-size image page 124, life-size jaw page 163) 

Specimen illustrated: Adult male, SBMNH 3948 

Dentition: i 3/3 c 1/1 p 4/4 m 1/2, total 38. Fisher and marten have four upper 
and lower premolars. 

Dorsal: Skulls of the Martes species are long and slender, with widespreading, 
slender zygomatics; shorter rostrums; and large, long braincases. The rostrum 
(1) is short and stout; the nasal sutures (2) are visible only in immature 
specimens. The zygomatic arches (3) are widespreading and very slender, 
strongly converging to the anterior. Postorbital processes (4) are well 
developed and sharp; the orbits (5) are relatively large, forward facing, and 
less than half the size of the massive temporal fossae (6). The interorbital 
region (7) is broad, and the interorbital breadth is wider than the constricted 
postorbital breadth (8). The braincase is very long, oval, and more than 50 
percent of the greatest length of skull; temporal ridges (9) are well developed, 
coalesce with age, and converge high on the skull in adult males to form a 
sagittal crest (10). Occipital crests (11) are also well developed. The mastoid 
processes (12) are just visible from this perspective. 

Ventral: The triangular palate (13) abruptly narrows as it extends well beyond 
the posterior molars. Toothrows are longer than in Mustela species. The 


incisive foramina (14) are wider and completely forward of the posterior edge 
of the canines (15). The pterygoid region (16) is broad. The mandibular fossa 
(17) is well developed. Auditory bullae (18) are large and somewhat flattened. 
The foramen magnum (19) is large, and the occipital condyles (20) are stout. 
The carnassial (21) is thin and strong. 
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Lateral: The dorsolateral outline curves gradually down from the elevated 
braincase (22), and then more steeply drops down the frontals to the rostrum. 
The anterior edges of the premaxillaries (23) extend farther than the nasals 
(24). The zygomatics (25) are thin, curved, and elevated at their midpoints. 
The pterygoid processes (26) are short. The auditory meatus (27) is medium, 
and the foramen magnum (28) is elevated. The canines (29) are long and 
slender, the dentition jagged. 


The two left most skulls are older males, the central skull an immature male, and the remaining 
two skulls are mature females. SANTA BARBARA MUSEUM OF NATURAL HISTORY 3948, 3947, 2806, 3938, 3646. 


Mandible: The mandible is strong and curved. The coronoid process (30) is 
vertical, high, and triangular; the posterior edge (31) is convex in outline. The 
condyle (32) is stout and barrel-shaped, and it sits aligned with the toothrow. 
The angular process (33) is reduced and pointed. The canines (34) are large, 
the dentition jagged. 

Similar species: Fishers, black-footed ferrets, striped skunks, and mink. 

Notes: There are a number of ways to determine age and sex. Adult dentition is 
reached within eighteen weeks of age (Strickland et al. 1982). Grinnell et al. 
(1937) describe changes with age as follows: “actual decrease in gross size of 
brain case; spreading of zygomatic arches; development (in males) of well- 
marked sagittal and lambdoidal ridges; lengthening and narrowing of rostrum; 
development of prominent postorbital processes; narrowing of postorbital 
constriction in cranium." Sagittal crests develop with age in males, but they 
may or may not do so in females (see page 420). Strickland et al. (1982) write 


that though a sagittal crest in a female indicates she is an adult, its absence 
does not mean she is an immature animal. Poole et al. (1994) compare several 
methods for aging and sexing specimens and find that the greatest length of 
skull correctly identifies the sex 99.3 to 100 percent of the time. Relative 
aging can also be done using temporal muscle coalescence, as described on 
page 69. 


Fisher, Martes pennanti 


Greatest length: 98.7-135.0 mm (3%10-53/10 in.) (full table of measurements 
page 600, life-size image pages 127 and 135, life-size jaw page 166) 

Specimens illustrated: Adult male, MCZ 62033; adult female, MCZ 60626 

Dentition: i 3/3 c 1/1 p 4/4 m 1/2, total 38. Fishers and martens have four upper 
and lower premolars. 

Dorsal: Skulls of the Martes species are long and slender, with widespreading, 
slender zygomatics; shorter rostrums; and large, long braincases. The rostrum 
(1) is short and stout; the nasal sutures (2) are visible only in immature 
specimens. The zygomatic arches (3) are widespreading (compare differences 
between the male and female) and very slender, strongly converging to the 
anterior. Postorbital processes (4) are developed and triangular; the orbits (5) 
are smaller, forward facing, and less than half the size of the massive temporal 
fossae (6). The interorbital region (7) is broad, and the interorbital breadth is 
wider than the constricted postorbital breadth (8). The braincase (9) is very 
long, oval, and approximately 50 percent of the greatest length of skull; 
temporal ridges (10) are well developed, coalesce with age, and converge high 
on the skull in adult specimens to form a sagittal crest (11). Occipital crests 
(12) are also well developed. The mastoid processes (13) are larger than in 
martens and larger in males than females. 


Fisher 
female 
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Ventral: The triangular palate (14) abruptly narrows as it extends well beyond 
the posterior molars. Toothrows are longer than in Mustela species. The 


incisive foramina (15) are wider and completely forward of the posterior edge 
of the canines (16). The pterygoid region (17) is narrow. The mandibular fossa 
(18) is well developed. Auditory bullae (19) are large and somewhat flattened, 
with long auditory canals (20). The foramen magnum (21) is smaller, and the 
occipital condyles (22) are stout. The carnassial (23) is thin and strong. 

Lateral: The dorsolateral outline curves gradually down from the elevated 
braincase, and then more steeply drops down the frontals to the rostrum. In old 
males, the sagittal crest (24) is massive and a dominant feature at the posterior 
of the skull. The anterior edges of the premaxillaries (25) extend just past the 
nasals with which they (26) are nearly aligned. The zygomatics (27) are thin, 
curved, and elevated at their midpoints. The infraorbital foramen (28) is oval. 
The auditory meatus (29) is small. The canines (30) are long and slender, the 
dentition jagged. The fisher has an external median rootlet (31) above the 
upper carnassial, which is absent in martens. 

Mandible: The mandible is strong and curved. The coronoid process (32) is 
vertical, high, and squared; the posterior edge (33) is straight. The condyle 
(34) is stout and barrel-shaped, and it sits aligned with the toothrow. The 
angular process (35) is reduced and pointed. The canines (36) are large, the 
dentition jagged. 


Compare the two female skulls above, with the two male skulls below. In both rows, the left 
skull is an immature animal and the right a full adult. MUSEUM OF COMPARATIVE ZOOLOGY, HARVARD 
U 7438, 60626, 58256, 62033. 


Similar species: Racoons, coatis, martens, tayras, foxes, badgers, and 
wolverines. 

Notes: With age, males exhibit a dramatic increase in the sagittal crest and a 
bowing out of the zygomatics (refer to the photographs on pages 71 and 417). 


Zygomatic-temporal, naso-maxillary, and nasofrontal sutures do not fuse in 
males and females until after one year and are useful in differentiating 
juveniles from adults. Poole et al. (1994) write: *Because fishers have more 
sexual dimorphism than martens, techniques involving skull or canine 
measurements generally have proven to be 10096 accurate in determining sex 
of fishers." Skulls of males are longer than females. 


Ermine or short-tailed weasel, Mustela erminea 


Greatest length: 33.9-46.0 mm (13/10—18/10 in.) (full table of measurements 
page 600, life-size image page 115, life-size jaw page 160) 

Specimen illustrated: Adult female, MCZ 50555 

Dentition: i 3/3 c 1/1 p 3/3 m 1/2, total 34. 

Dorsal: Skulls of the Mustela species are long and slender, with short, 
widespreading, and thin zygomatics; very short, broad rostrums; and massive, 
oval braincases. The rostrum (1) is very short and triangular; the nasal sutures 
(2) are visible only in immature specimens. The zygomatic arches (3) are 
widespreading and very thin, with large zygomatic plates (4) and large 
infraorbital foramina (5). Postorbital processes (6) are small and triangular; the 
orbits (7) are relatively large, forward facing, and approximately 50 percent of 
the size of the temporal fossae (8). The interorbital breadth (9) may be 
approximately equal to or slightly wider than the postorbital. The braincase 
(10) is massive, oval, and approaching two-thirds the greatest length of skull; 
temporal ridges are weak to developed, depending on geographic population 
and sex, and sagittal crests are absent or very small. The mastoid processes 
often are not visible from this perspective. Occipital crests (11) are developed. 
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Above, two females, and below two males. Note the damage caused by parasites to the frontal 
sinuses. MUSEUM OF COMPARATIVE ZOOLOGY, HARVARD U 50555, 1978, 42275, 42307. 


Ventral: The triangular palate (12) abruptly narrows as it extends well beyond 
the posterior molars. Toothrows are relatively short. The incisive foramina 
(13) are wider and completely forward of the posterior edge of the canines. 
The pterygoid region (14) is narrow. The mandibular fossa (15) is well 
developed. Auditory bullae (16) are large, very long, and somewhat flattened; 


they are closer together than in long-tailed weasels. The foramen magnum 
(17) is large. The toothrows are short, and the carnassial (18) is thin and 
strong. 

Lateral: The dorsolateral outline is dominated by the braincase, sloping steeply 
at the anterior (19) to the tip of the rostrum. The anterior edges of the 
premaxillaries (20) and nasals (21) are aligned, and the nasal vacuity (22) is 
large and vertical. The zygomatics (23) are thin and curved. The pterygoid 
processes are short, and less-inflated auditory bullae (24) do not extend 
ventrally to the level found in long-tailed weasels. The auditory meatus (25) is 
medium, and the foramen magnum (26) is elevated. From this perspective, the 
orbit (27) appears large. 

Mandible: The mandible is strong and curved. The coronoid process (28) is 
vertical, high, and triangular. The condyle (29) is stout and barrel-shaped, and 
it sits aligned with the toothrow. The angular process (30) is reduced and 
rounded. The carnassial (31) is large, the dentition jagged. 

Similar species: Other weasels, mink, and bonnetted bats. 

Note: Ermines exhibit pronounced sexual dimorphism (page 425); males are 
larger and approximately 40 to 80 percent heavier than females (Verts and 
Carraway 1998). 


Long-tailed weasel, Mustela frenata 


Greatest length: 38.4-53.6 mm (1%/10-21/10 in.) (full table of measurements 
page 602, life-size image page 118, life-size jaw page 161) 

Specimens illustrated: Adult male, SBMNH 

3223; adult male from Maine, MCZ 55501 

Dentition: i 3/3 c 1/1 p 3/3 m 1/2, total 34. 

Dorsal: Skulls of the Mustela species are long and slender, with short, 
widespreading, and thin zygomatics; very short, broad rostrums; and massive, 
oval braincases. The rostrum (1) is very short, broad, and triangular; the nasal 
sutures (2) are visible only in immature specimens. The zygomatic arches (3) 
are widespreading and very thin, with large zygomatic plates (4) and large 
infraorbital foramina (5). Postorbital processes (6) are well developed and 
triangular; the orbits (7) are relatively large, forward facing, and 
approximately 30—50 percent of the size of the massive temporal fossae (8) 
(depending on location). The interorbital breadth (9) may be approximately 
equal to or wider than the post orbital, varying across individuals and 
geographic populations. The braincase (10) is massive, oval, and approaching 


two-thirds the greatest length of skull; temporal ridges (11) are developed, 
varying with geographic population and sex, and sagittal (12) and occipital 
(13) crests are present in mature specimens. Mastoid processes (14) are larger 
and often visible at the posterior of the skull. 


Adult male 
from Maine 


Ventral: The triangular palate (15) abruptly narrows as it extends well beyond 
the posterior molars. Toothrows are relatively larger than in the ermine. The 
incisive foramina (16) are wider and completely forward of the posterior edge 
of the canines. The pterygoid region (17) is narrow. The mandibular fossa (18) 
is deep and the squamosal process (35) is well developed. Auditory bullae (19) 
are large, very long, and somewhat flattened; they are situated farther apart 
than in ermines. The foramen magnum (20) is large. The toothrows are short, 
and the carnassial (21) is thin and strong. 
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Adult male 
from California 
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On the left, a mature male, and on the right, a mature female, both from southern California. 
SANTA BARBARA MUSEUM OF NATURAL HISTORY 3223, 3198. 


Lateral: The dorsolateral outline is dominated by the braincase, sloping more 
steeply at the anterior (22) to the tip of the rostrum. The anterior edges of the 
premaxillaries (23) and nasals (24) are aligned, and the nasal vacuity (25) is 
large and vertical. The zygomatics (26) are thin and curved. The pterygoid 
processes (27) are short, and more-inflated auditory bullae (28) extend lower 
than the level found in ermines. The auditory meatus (29) is medium, and the 
foramen magnum (30) is elevated. 

Mandible: The mandible is strong and curved, and the body is deeper than in 
ermines. The coronoid process (31) is vertical, high, and triangular. The 
condyle (32) is stout and barrel-shaped, and it sits aligned with the toothrow. 
The angular process (33) is reduced and rounded. The carnassial (34) is large, 
the dentition jagged. 

Similar species: Other weasels, mink, ferrets, and bonnetted bats. 

Notes: Hall (1951) describes three age classes: Young animals up to seven and a 
half months old exhibit visible naso-maxillary and naso-premaxillary sutures. 


Subadults, from seven and a half to ten months old, have naso-maxillary 
sutures that are visible but indistinct. Animals over ten months old are 
considered adults, and sutures are no longer visible. In 1985, K. Ralls and P. 
Harvey described three different geographic populations: a western population 
with small males and females and intermediate sexual dimorphism; a central 
population with large males and females and lower sexual dimorphism; and an 
eastern population with medium males, small females, and high sexual 
dimorphism (Sheffield and Thomas 1997). 


Black-footed ferret, Mustela nigripes 


Greatest length: 62.5-70.0 mm (25/10—28/10 in.) (full table of measurements 
page 602, life-size image page 122, life-size jaw page 162) 

Specimen illustrated: Adult male, MVZ 77840 

Dentition: i 3/3 c 1/1 p 3/3 m 1/2, total 34. 

Dorsal: Гуе seen only male skulls of this species, which are rugose, robust, and 
angular, with very widespreading zygomatics; short, broad rostrums; and well- 
developed crests. The rostrum (1) is very short and very broad; the nasal 
sutures (2) are visible only in immature specimens. The zygomatic arches (3) 
are very widespreading and slightly stouter. Postorbital processes (4) are 
larger and triangular; the orbits (5) are relatively large, forward facing, and 
approximately 50 percent of the size of the massive temporal fossae (6). The 
interorbital breadth (7) is much wider than the very constricted postorbital 
breadth (8). The braincase (9) is large, approximately 50 percent of the 
greatest length of skull; temporal ridges (10) are very developed, and sagittal 
crests (11) are large, running the entire length of the braincase. Occipital crests 
(12) are also well developed. The mastoid processes (13) are swollen and 
large. 

Ventral: The triangular palate (14) abruptly narrows to a greater degree (15) 
than any other Mustela species as it extends well beyond the posterior molars. 
Toothrows are relatively longer. The incisive foramina (16) are much wider 
and completely forward of the posterior edge of the canines. The pterygoid 
region (17) is very narrow. The mandibular fossa (18) is deep and the process 
on the squamosal (34) is exceptionally developed. Auditory bullae (19) are 
large, broad, and somewhat flattened. The foramen magnum (20) is large. The 
carnassial (21) is thin and strong. 

Lateral: The dorsolateral outline is dominated by the braincase and sagittal 
crest, sloping more steeply at the anterior (22) to the tip of the rostrum. The 


anterior edges of the premaxillaries (23) and nasals (24) are aligned, and the 
nasal vacuity (25) is smaller and vertical. The zygomatics (26) are thin and 
curved. The pterygoid processes are short. The auditory meatus (27) is 
smaller, and the foramen magnum (28) is elevated. The canines (29) are large 
and straight. 
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Mandible: The mandible is very robust and curved; the body (30) is very deep. 
The coronoid process (31) is vertical, high, and triangular. The condyle (32) is 
stout and barrel-shaped, and it sits aligned with the toothrow. The angular 
process (33) is reduced and rounded. The dentition is jagged. 

Similar species: Mink, long-tailed weasels, martens, and domestic ferrets. 


Least weasel, Mustela nivalis 


Greatest length: 29.0-32.8 mm (1!/10—1/10 in.) (full table of measurements 
page 602, life-size image page 113, life-size jaw page 160) 

Specimen illustrated: Adult male, MVZ 41031 

Dentition: i 3/3 c 1/1 p 3/3 m 1/2, total 34. 

Dorsal: Skulls of the Mustela species are long and slender, with short, 
widespreading, and thin zygomatics; very short, broad rostrums; and massive, 
oval braincases. The rostrum (1) is very short and triangular; the nasal sutures 
(2) are visible only in immature specimens. The zygomatic arches (3) are 
widespreading and very thin, with large zygomatic plates (4) and large 
infraorbital foramina (5). Postorbital processes are small and triangular; the 
orbits (6) are relatively large, forward facing, and approximately 50 percent of 


the size of the temporal fossae (7). The interorbital breadth (8) may be 
approximately equal to or slightly wider than the postorbital. The braincase (9) 
is massive, oval, and approaching two-thirds the greatest length of skull; 
temporal ridges (10) are more developed, depending on geographic population 
and sex; and sagittal (11) and occipital crests (12) are often more visible and 
developed than in ermines. Mastoid processes (13) are slightly larger than in 
ermines and often visible at the posterior of the skull. 
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Ventral: The triangular palate (14) abruptly narrows as it extends well beyond 
the posterior molars. Toothrows are relatively short. The incisive foramina 
(15) are wider and completely forward of the posterior edge of the canines. 
The pterygoid region (16) is narrow. The mandibular fossa (17) is well 
developed. Auditory bullae (18) are large, very long, and somewhat flattened. 
The foramen magnum (19) is large. The toothrows are short, and the 
carnassial (20) is thin and strong. 

Lateral: The dorsolateral outline is dominated by the braincase, sloping steeply 
at the anterior (21) to the tip of the rostrum. The anterior edges of the 
premaxillaries (22) and nasals (23) are aligned, and the nasal vacuity (24) is 
smaller and vertical. The zygomatics (25) are thin and curved. The pterygoid 
processes (26) are short. The auditory meatus (27) is medium, and the foramen 
magnum (29) is elevated. From this perspective, the orbit (28) appears large. 
The auditory bullae (30) are low. 


The larger male is on the left, and the female is on the right. MUSEUM OF VERTEBRATE ZOOLOGY, UC 
BERKELEY 41031, 104595. 


Mandible: The mandible is strong and curved. The coronoid process (31) is 
vertical, triangular, and more slender, with the tip (32) curving to the 
posterior. The condyle (33) is stout and barrel-shaped, and it sits aligned with 
the toothrow. The angular process (34) is reduced and rounded. The carnassial 
(35) is large, the dentition jagged. 

Similar species: Other weasels and bonnetted bats. 


American mink, Mustela vison 


Greatest length: 53.3-70.6 mm (2!/10—28/10 in.) (full table of measurements 
page 602, life-size image page 120, life-size jaw page 162) 

Specimen illustrated: Adult male, MVZ 12904 

Dentition: i 3/3 c 1/1 p 3/3 m 1/2, total 34. 

Dorsal: Skulls of the Mustela species are long and slender, with short, 
widespreading, and thin zygomatics; short, broad rostrums; and massive, oval 
braincases. The rostrum (1) is short and stout; the nasal sutures (2) are visible 
only in immature specimens. The zygomatic arches (3) are widespreading and 
very thin, with large zygomatic plates (4) and large infraorbital foramina (5). 
Postorbital processes are small and triangular; the orbits (6) are relatively 
large, forward facing, and smaller than 50 percents of the size of the massive 
temporal fossae (7). The interorbital breadth (8) may be approximately equal 
to or just wider than the constricted postorbital breadth. The braincase (9) is 
massive, oval, and well over 50 percent of the greatest length of skull; 
temporal ridges are developed, varying with sex, and sagittal (10) and 
occipital crests are very evident; the supraoccipital shield (11) is pronounced 
and broad. The mastoid processes (12) are large and visible. 

Ventral: The triangular palate (13) abruptly narrows substantially as it extends 
well beyond the posterior molars. The incisive foramina (14) are wider and 
completely forward of the posterior edge of the canines. The pterygoid region 
(15) is very narrow. The mandibular fossa (16) is well developed. Auditory 
bullae (17) are large, deformed, flattened, and spaced well apart (18). The 
foramen magnum (19) is large. The toothrows are short, and the carnassial 
(20) is thin and strong. 
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Lateral: The dorsolateral outline slopes gently (21) from the slightly elevated 
braincase to the tip of the rostrum; the overall outline is more slender than in 
other Mustela species. The anterior edges of the premaxillaries (22) extend 
just beyond the nasals (23), and the nasal vacuity (24) is larger and steep. The 
zygomatics (25) are thin and curved. The pterygoid processes are short. The 
auditory meatus (26) is medium, and the foramen magnum (27) is elevated. 
The ventral surface of the auditory bullae (28) is high. 

Mandible: The mandible is stouter and curved, and the body (29) is relatively 
deeper than in smaller Mustela species. The coronoid process (30) is vertical, 
high, triangular, and broader than in other Mustela species. The condyle (31) 
is stout and barrel-shaped, and it sits aligned with the toothrow. The angular 
process (32) is slightly longer and rounded. The carnassial (33) is large, the 
dentition jagged. 

Notes: Sagittal and occipital crests further develop with greater age, especially 
in males. According to Linscombe et al. (1982), deciduous teeth erupt 
between sixteen and forty-nine days from birth, and permanent teeth between 
forty-four and seventy-one days. They also report that determining the sex of a 
mink skull using basilar length and the length of the upper toothrow is 99 
percent accurate. Males have a length cutoff of 63 millimeters or more and a 
toothrow cutoff of 25 millimeters or more. Birney and Fleharty (1966) found 
condyle-premaxillary length the most useful in determining sex, and 
zygomatic breadth to a lesser degree, though parameters for zygomatic widths 
showed no overlap at all between males and females. Lynch and Hayden 
(1995) compared the skulls of ranch-raised and wild mink and found that 
sexual dimorphism was reduced in captive-bred populations, and several other 
morphological changes were evident as well. Females showed proportionately 
greater degrees of change than males, but both ranch populations exhibited 
increased size; narrower interorbital, mastoidal, and zygomatic widths; 
broader post orbital widths; and shorter palates. 


From left to right, two adult female mink and an adult male. MUSEUM OF COMPARATIVE ZOOLOGY, 
HARVARD U 50607, B2761, 11520. 


Wolverine, Gulo gulo 


Greatest length: 135.8-173.4 mm (53/10—68/10 in.) (full table of measurements 
page 604, life-size image page 138, life-size jaw page 170) 

Specimen illustrated: Adult male, SBMNH 4339 

Dentition: i 3/3 c 1/1 p 4/4 m 1/2, total 38. 

Dorsal: The skulls of wolverines are dense, heavy, and wedge-shaped, with 
widespreading zygomata, short rostrums, and prominent crests. The rostrum 
(1) is very short, very broad, and stout; complete nasal sutures (2) are visible 
only in younger animals. The zygomatic arches (3) are widespreading and 
stout, strongly converging to the anterior. Postorbital processes (4) are well 
developed and blunt; the orbits (5) are relatively small, forward facing, and 
less than one-third the size of the massive temporal fossae (6). The interorbital 
region (7) is very broad, and the interorbital breadth is wider than the 
constricted postorbital breadth. The braincase (8) is very long, ovoid, widest at 
the mastoids, and approaching 50 percent of the greatest length of skull; 
temporal ridges (9) are well developed, coalesce with age, and converge high 


on the skull in adult specimens to form a large, long sagittal crest (10). 
Occipital crests (11) are also well developed. The mastoid processes (12) are 
large and well developed. 

Ventral: The very broad, triangular palate (13) abruptly narrows as it extends 
well beyond the posterior molars. The incisive foramina (14) are wider and 
completely forward of the posterior edge of the canines. The pterygoid region 
(15) is broad. The mandibular fossae (16) are deep and the squamosal 
processes (36) are very well developed. Auditory bullae (17) are large, 
deformed, and inflated on the sides closest to each other. The foramen 
magnum (18) is medium, and the occipital condyles (19) are stout. Dentition is 
robust and blunt; the carnassial (20) is large and stout, and the posterior molar 
(21) has a flattened surface. 
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Lateral: The dorsolateral outline is rounded, with a relatively steep slope from 
the apex down the frontals (22) to the rostrum, and a lower braincase (23) to 
the posterior. The anterior edges of the premaxillaries (24) extend farther than 
the nasals (25), and the nasal vacuity (26) is large and angled. The zygomatics 
(27) are deep, curved, and elevated at their midpoints; the large infraorbital 
foramina (28) are anterior to the zygomatic arches above P4. The pterygoid 
processes are short. The auditory meatus (29) is small. The sagittal crest (30) 
extends to the posterior over the occipital region and continues to lengthen 
with age. The canines (31) are large and stout, the dentition jagged. 


Compare the size and length of the male wolverine on the left with the female on the right. 
NATURAL HISTORY MUSEUM OF LOS ANGELES COUNTY 62846, 8391. 


Mandible: The mandible is strong and curved. The coronoid process (32) is 
robust, high, rounded, and slightly angled to the posterior. The condyle (33) is 
stout and barrel-shaped, and it sits aligned with the toothrow. The angular 
process (34) is reduced and pointed. The canines (35) are large, and the 
dentition jagged. 

Similar species: Badgers, fishers, sea otters, and raccoons. 

Notes: Grinnell et al. (1937) write that southern wolverines have “lighter” 
(meaning smaller) carnassials and dentition than far northern counterparts. 
Articulation of the lower jaw is so tight that it may be difficult to separate 
from the cranium without damaging the specimen. Males are larger than 
females (see page 436). The lengthening of the sagittal crest is much more 
dramatic in males than females; in a female that was so old that nearly all her 
teeth were worn completely to the gums, the sagittal crest extended over the 
occipital region only to the degree of the relatively young male illustrated 


here. 


American badger, Taxidea taxus 


Greatest length: 108.0-131.6 mm (43/10—5?/10 in.) (full table of measurements 
page 604, life-size image page 133, life-size jaw page 169) 

Specimen illustrated: Adult female, LACM 45012 

Dentition: i 3/3 c 1/1 p 3/3 m 1/2, total 34. 

Dorsal: Badger skulls are dense, heavy, and triangular, with  stout, 
widespreading zygomatics; shorter rostrums; and triangular braincases. The 
rostrum (1) is very short, broad, and stout; the nasal sutures (2) are visible 
only in immature specimens. The zygomatic arches (3) are widespreading, 
curved, and stout, converging to the anterior. Postorbital processes (4) are well 
developed and blunt; the orbits (5) are medium, forward facing, and less than 
50 percent of the massive temporal fossae (6). The interorbital region (7) is 
broad, and the interorbital breadth is approximately equal to the slightly 
constricted postorbital breadth. The braincase (8) is very long, triangular, and 
approximately 50 percent of the greatest length of skull; temporal ridges (9) 
are developed and coalesce with age, but sagittal crests (10) are low and 
poorly developed or absent altogether. Occipital crests (11) are well 
developed. The mastoid processes (12) are wide and distinctive, contributing 
to the wedge-shaped outline. 

Ventral: The broad, rectangular palate (13) narrows as it extends well beyond 
the posterior molars and is longer than half the length of skull. The incisive 
foramina (14) are wider and completely forward of the canines. The pterygoid 
region (15) is narrower. The mandibular fossa (16) is well developed. 
Auditory bullae (17) are large and more inflated than in many mustelids. The 
foramen magnum (18) is large, and the occipital condyles (19) are stout. The 
carnassial (20) is wider and flatter, and the triangular posterior molar (21) is 
distinctive. 
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Lateral: The dorsolateral outline curves gradually down from the elevated 
braincase, and then more steeply drops down the frontals (22) to the rostrum. 
The anterior edges of the premaxillaries (23) extend farther than the nasals 
(24); the nasal vacuity (25) is sloping. The zygomatics (26) are thick and 
relatively straight; the infraorbital foramina (27) sit anterior to the zygomatic 
arches and are larger than in raccoons, whose skulls are often confused with 
badgers'. The pterygoid processes (28) are larger. The auditory meatus (29) is 
medium, and the auditory bullae (30) extends below the molars. The canines 
(31) are long, the remaining dentition jagged but reduced in comparison with 
those of other mustelids. 

Mandible: The mandible is strong and curved. The coronoid process (32) is 
vertical, much shorter, and triangular; the posterior edge (33) is convex in 
outline. The condyle (34) is stout, slightly elevated, and barrel-shaped, and it 
sits aligned with the toothrow. The angular process (35) is reduced and blunt. 
The ventral outline has a distinctive bend (36) upward just posterior to the last 
molar. 

Similar species: Often confused with raccoons. Also, otters, wolverines, and 
foxes. 

Notes: Well-developed lambdoidal crest and lightly developed sagittal crest, 
which is the opposite of many mammals. Raccoons have similar palates, 
dentition, and infraorbital foramina. In Hoffmeister (1986), Long divided 
specimens into two age categories: Subadults exhibit no wear of the teeth, and 
sutures associated with nasals are visible. Adults show at least some tooth 
wear, and the sutures associated with the nasals have fused. Male specimens 
are longer than female (Lindzey 2003), yet there is greater overlap in cranial 
measurements than in other mustelids. 


Northern river otter, Lontra canadensis 


Greatest length: 101.5-129.9 mm (4—5!/10 in.) (full table of measurements page 
604, life-size image page 129, life-size jaw page 165) 

Specimen illustrated: Adult female, MCZ 62026 

Dentition: i 3/3 c 1/1 p 4/3 m 1/2, total 36. Dentition for holding and crushing. 

Dorsal: Otter skulls are flattened and rounded, with widespreading, slender 
zygomatics; very short rostrums; and very large braincases. The rostrum (1) is 
very short and broad; the nasal sutures (2) are visible only in immature 
specimens. The zygomatic arches (3) are very widespreading and slender, 
converging to the anterior; the oblong infraorbital foramina (4) are large. 


Postorbital processes (5) are well developed and sharp; the orbits (6) are 
medium, forward facing, and less than half the size of the massive temporal 
fossae (7). The interorbital region (8) is broad, and the interorbital breadth is 
wider than the very constricted postorbital breadth. The braincase (9) is long, 
wide, and much more than 50 percent of the greatest length of skull; temporal 
ridges (10) are poorly developed and converge high on the skull in adult 
specimens to form a low sagittal crest (11). Occipital crests (12) are well 
developed. The mastoid processes (13) are large and distinctive. 
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Ventral: The relatively narrow, rectangular palate (14) abruptly narrows as it 
extends beyond the posterior molars. Toothrows are relatively short. The 
incisive foramina (15) are large and extend to the posterior (16) beyond the 
canines. The pterygoid region (17) is broad. The mandibular fossa (18) is deep 
and the squamosal process (39) is well developed. Auditory bullae (19) are 
medium and flattened. The foramen magnum (20) is large, and the occipital 
condyles (21) are stout. The carnassial (22) and posterior molars (23) have 
sharp cutting edges and broad bases for crushing. 

Lateral: The dorsolateral outline is relatively straight, curving gradually down 
from the slightly elevated braincase (24). The anterior edges of the 
premaxillaries (25) extend much farther than the nasals (26); the nasal vacuity 
(27) is large and angled. The zygomatics (28) are thicker, curved, and elevated 
at their midpoints. The pterygoid processes (29) are large. The auditory 
meatus (30) is small, and the foramen magnum (31) is low. The canines (32) 
are long and slender, the dentition jagged. Well-developed occipital crests (33) 
project to the posterior. 


Northern river otter 


Mandible: The mandible is strong and curved. The coronoid process (34) is 
vertical, high, and triangular; the anterior edge (35) is straight, and the 
posterior edge (36) is rounded. The condyle (37) is stout and barrel-shaped, 
and it sits aligned with the toothrow. The angular process (38) is reduced and 
rounded. The dentition is jagged. 

Similar species: Sea otters, raccoons, fishers, and domestic cats. 

Notes: Sexual dimorphism is less pronounced than in many other mustelids, and 
males are only slightly larger than females. In mature animals, the hook- 
shaped process on the anterior edge of the mandibular fossa is so well 
developed that the jaws often cannot be disarticulated from the cranium. 


Sea otter, Enhydra lutris 


Greatest length: 125.1-148.6 mm (4?/10—5?/10 in.) (full table of measurements 
page 604, life-size image page 137, life-size jaw page 168) 

Specimen illustrated: Adult male, SBMNH 3377 

Dentition: i 3/2 c 1/1 p 3/3 m 1/2, total 32. Two pairs of lower incisors, four 
total, unique among North American carnivores. 

Dorsal: Otter skulls are flattened and rounded, with widespreading, slender 
zygomatics; very short rostrums; and very large braincases. In addition, sea 
otter skulls are heavy, dense, and boxy. The rostrum (1) is very short and very 
broad; the nasal sutures (2) are often very obscured. The zygomatic arches (3) 
are very widespreading and slender, converging to the anterior; the oblong 
infraorbital foramina (4) are very large. Postorbital processes (5) are small and 


sharp; the orbits (6) are smaller, forward facing, and less than half the size of 
the massive temporal fossae (7). The interorbital region (8) is very broad, and 
the interorbital breadth is wider than the very constricted postorbital breadth. 
The postorbital constriction may or may not have an obvious constricted 
notch, which is more characteristic of far northern populations (Roest 1973). 
The braincase (10) is long, wide, and much more than 50 percent of the 
greatest length of the skull; temporal ridges (11) are well developed and 
converge high on the skull in adult specimens to form a sagittal crest (12) that 
extends the full length of the braincase. Occipital crests (13) are well 
developed. The mastoid processes (14) are large and distinctive. 

Ventral: The relatively broad, rectangular palate (15) extends beyond the 
posterior molars. Toothrows are relatively short. The incisive foramina (16) 
are large and extend to the posterior beyond the canines. The pterygoid region 
(17) is broad. The mandibular fossa (18) is very deep and the hook-shaped 
process (38) is well developed. Auditory bullae (19) are medium and flattened. 
The foramen magnum (20) is medium, and the occipital condyles (21) are 
stout. The posteriormost two teeth (22) are large, broad, and flattened. The 
posterior lacerate foramina (23) are very large and round, approximately 8 
millimeters in diameter. 

Lateral: The dorsolateral outline is relatively straight, curving gradually down 
from the slightly elevated braincase; it is the height of the skull that is 
distinctive, with the depth continuous through its entire length. The anterior 
edges of the premaxillaries (24) extend just farther than the nasals (25); the 
nasal vacuity (26) is very large and vertical. The zygomatics (27) are thicker, 
curved, and elevated at their midpoints. The pterygoid processes (28) are 
large. The auditory meatus (29) is small, and the foramen magnum (30) is low; 
the occipital crests (31) extend to the posterior over the foramen magnum. The 
canines (32) are long and blunt, and the remaining dentition is also blunt. 
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Mandible: The mandible is strong and curved. The coronoid process (33) is 
vertical, thick, and somewhat triangular. The coronoid process varies in shape 
among geographic populations (Roest 1973): in California, it curves strongly 
to the posterior (34) and often has concave posterior edges (35); whereas in 
the northern populations around the Aleutians, it is more vertical, often with 
the apex forward of the entire condyloid process, and has straight or slightly 
convex posterior edges (above). The condyle (36) is stout and barrel-shaped, 
and it sits aligned with the toothrow. The angular process (37) is reduced and 
pointed. The dentition is flattened. 


Variation in the form of the coronoid process in geographic populations of sea otters: A. Typi- 
cal Aleutian mandible with highest point of coronoid (1) anterior to base of condyloid process 
(2), and a convex posterior edge (3). B. Aleutian mandible variation, with posterior edge 
straight (4). C. Typical California mandible, with coronoid process angled to posterior (5) and 
concave posterior edge (6). Drawn after Roest (1973). 


Similar species: River otters, wolverines, harbor seals, badgers, and bobcats. 

Notes: The color of bones and teeth are related to diet: purplish from eating 
purple sea urchins, maroon from red sea urchins, and white often from crabs 
and squid (Liittschwager 2002). Often the left side of the skull is noticeably 
larger than the right (Verts and Carraway 1998). 


Family Mephitidae: Skunks 


Skunks were until quite recently included with weasels and companions in the 
family Mustelidae. Skunk skulls are characterized by dentition more supportive 
of an omnivorous and varied diet: The blades of the carnassials are reduced, and 
the carnassials overall are slightly wider to accommodate a greater degree of 
crushing. The articulation of the mandible is also looser than in mustelids, which 
further supports crushing in addition to a reduced shearing capability. Spotted 
skunks are the most carnivorous of the skunks, and their carnassials are the most 
developed. Hog-nosed skunks are the least predaceous, and their carnassials are 
poorly developed and more flattened. 

There are several nematodes that can infest and damage the frontal sinuses 
in skunks and weasels; the best studied and recorded is Skrjabingylus nasicola, 
and another is Troglotrema acutum (Walker 1987; Duncan 1976). Though these 
nematodes also infest larger mustelids, damage is more easily detected and even 
dramatic in the smaller mustelids and skunks, in which proportionately greater 
damage occurs. A photograph of very dramatic signs of infestation in hooded 
skunk skulls appears in chapter 2. Infestations are perhaps most common in 
spotted skunks, and to lesser degrees in all the small weasels (Mustela spp.) and 
the other skunks; as many as seventy-seven tiny worms have been removed from 
a single weasel (Duncan 19796). Infestations are evident in skulls by the inflation 
or bubbling of the sinuses or actual holes in the bone that reveal the inner sinus 
structures (see page 445). 


Members of Mephitidae. 1. Pygmy spotted skunk, male 155581 (S. pygmaea), 2. Western spot- 
ted skunk, male 96325 (S. gracilis), 3. Hooded skunk, male 10015 (M. macroura), 4. Eastern 
spotted skunk, female 97347 (S. putorius), 5. Striped skunk, female 59709 (M. mephitis), 6. 
White-backed hog-nosed skunk, female 114940 (Conepatus leuconotus). MUSEUM OF VERTEBRATE 
ZOOLOGY, UC BERKELEY. 


Sinus damage in a female western spotted skunk (Spilogale gracilis) from southern California. 
SANTA BARBARA MUSEUM OF NATURAL HISTORY M-2503. 


2 A 1. [y Ns PIX. 
Sinus damage in a male long-tailed weasel (Mustela frenata) from New Hampshire. MUSEUM OF 
COMPARATIVE ZOOLOGY, HARVARD U 54075. 


How S. nasicola is transmitted is unclear though a mollusk appears to serve 
as an intermediate host (Duncan 1976). Infected weasels housed with 
noninfected weasels do not transmit the parasites. It is thought that the varied 
diets of mustelids and skunks make them particularly vulnerable; skunks and 
weasels may eat infected snails or mollusks, or they may eat shrews, mice, or 
chipmunks that were infected by eating snails or mollusks. There also seems to 
be a correlation between increased stress and greater infection within a 
population: In times of food shortage, it is thought that skunks and weasels 


increase the variety of foods they ingest, and thus increase the likelihood of 
being infected. Shrews in particular, which are often hosts for the nematodes, are 
thought not to be preferred foods, yet they will be eaten when other foods are 
less available. 


Western spotted skunk, Spilogale gracilis; Eastern spotted skunk, 
Spilogale putorius 


Greatest length: 49.4-63.6 mm (19/10-23/10 in.) (full table of measurements 
pages 604 and 606, life-size image page 118, life-size jaw page 162) 

Specimen illustrated: Adult male (S. gracilis), SBMNH 145 

Dentition: i 3/3 c 1/1 p 3/3 m 1/2, total 34. 

Dorsal: Spotted skunk skulls are distinctively flattened, with widespreading 
zygomatic arches and broad, swollen mastoids. The rostrum (1) is short, 
broad, and wedge-shaped; the nasal sutures (2) are visible only in immature 
specimens. The zygomatic arches (3) are bowed, widespreading, and thin, 
converging to the anterior. The postorbital processes (4) are well developed 
and pointed; the orbits (5) are medium and forward facing; the temporal fossa 
(6) is large. The interorbital breadth (7) is wider than the constricted 
postorbital breadth. The braincase (8) is large, as broad as long, and 
approximately 50 percent of the greatest length of skull; temporal ridges (9) 
are developed and converge to form sagittal crests (10) that may extend the 
length of the braincases; occipital crests are very well developed, and the 
supraoccipital shield (11) is broad. The mastoid processes (13) are large and 
swollen, more so in males, and often approach the width of the zygomatic 
arches. The holes in the frontals (14) are caused by parasitic nematodes. 
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Ventral: The broad, rectangular palate (15) terminates just beyond the last molar 
(16). Toothrows are relatively short. The incisive foramina (17) are very small 
and forward of the canines. The pterygoid region (18) is narrow. The 
mandibular fossa (19) iswell developed. Auditory bullae (20) are medium and 
inflated. The foramen magnum (21) is large, and the occipital condyles (22) 
are strong. The toothrows are relatively short, and the posterior molar (23) is 
wide and flattened; the carnassial (24) is more developed than in other skunks. 

Lateral: The dorsolateral outline of the skull is nearly straight (25), an important 
character in spotted skunks. The anterior edges of the premaxillaries (26) 
extend beyond the nasals (27), and the nasal vacuity (28) is medium and 
angled. The zygomatics (29) are thin and curved, the midpoints well elevated 
as in mustelids. The pterygoid processes (30) are short, and the infraorbital 
foramen (31) appears as a single hole just anterior to the zygomatic arch, but it 
is separated into two chambers by a wafer-thin bone often lost in specimens; it 
is much smaller than in mustelids of similar size. The auditory meatus (32) is 
medium, and the foramen magnum is low. 


The topmost pair of Western spotted skunks are adult males, the central skull an immature 
male, and the lower pair adult females. SANTA BARBARA MUSEUM OF NATURAL HISTORY 145, 146, 148, 
2503, 150. 


Mandible: The mandible is strong, and the body is curved. The coronoid 


process (33) is vertical, high, and rounded; the anterior edge is sloping and the 
posterior edge (34) straight. The condyle (35) is stout and barrel-shaped, and it 
sits aligned with the toothrow. The angular process (36) is reduced and 
rounded, and the ventral outline at the posterior (37) is straighter than in 
striped skunks. The dentition is jagged. 

Similar species: Mink, long-tailed weasels, and striped skunks. 

Notes: Although no single cranial feature will distinguish between western and 
eastern spotted skunks (S. gracilis and S. putorius), baculums reliably do so 
(Verts et al. 2001). Males are 7 percent larger in many cranial features (Van 
Gelder 1959). 


Striped skunk, Mephitis mephitis 


Greatest length: 67.9-88.0 mm (27/10-35/10 in.) (full table of measurements 
page 606, life-size image page 123, life-size jaw page 163) 

Specimen illustrated: Adult male, LACM 8411 

Dentition: i 3/3 c 1/1 p 3/3 m 1/2, total 34. Three premolars above, compared 
with two in Conepatus species. 

Dorsal: Skunk skulls are somewhat like lithic arrowheads in outline, triangular 
from the zygomatic arches forward, with the broad mastoids and 
supraoccipital shield forming the squared base. The rostrum (1) is short, 
broad, and triangular; the nasal sutures (2) are visible only in immature 
specimens. The zygomatic arches (3) are widespreading and thin, strongly 
converging to the anterior. Postorbital processes (4) are reduced to just bumps; 
the orbits (5) are medium and less forward facing; the temporal fossa (6) is 
large. The interorbital breadth (7) is wider than the post orbital. The braincase 
(8) is large, rounded, and less than 50 percent of the greatest length of skull; 
temporal ridges (9) are well developed and converge to form sagittal crests 
(10) that extend the length of the braincases; occipital crests are well 
developed, and the supraoccipital shield (11) is broad. The mastoid processes 
(12) are large but not inflated. 

Ventral: The broad, rectangular palate (13) terminates with the posterior edge of 
the last molar (14). Toothrows are relatively short. The incisive foramina (15) 
are small and forward of the canines. The pterygoid region (16) is broad. The 
mandibular fossa (17) is well developed. Auditory bullae (18) are small and 
flattened. The foramen magnum (19) is medium, and the occipital condyles 
(20) are strong. The toothrows are relatively short, and the posterior molar 
(21) is wide and flattened; a tiny premolar (22) sits just posterior to the canine, 


absent in Conepatus species. 

Lateral: The apex of the skull (23) is above the orbit, especially apparent when 
the skull is resting on a flat surface. The anterior edges of the premaxillaries 
(24) extend just beyond the nasals (25), and the nasal vacuity (26) is medium 
and relatively vertical; the anterior tips of the nasals align with the front edge 
of the canines (27). The zygomatics (28) are thin and less curved than in 
mustelids. The pterygoid processes (29) are short, and the infraorbital foramen 
(30) is a single, smaller hole just anterior to the zygomatic arch, divided by a 
wafer-thin bone often lost in specimens. The auditory meatus (31) is medium, 
and the foramen magnum is low. 
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MANDIBLE 


Larger male striped skunk on the left, and smaller female on the right. NATURAL HISTORY MUSEUM 
OF LOS ANGELES COUNTY 8411, 62828. 


Mandible: The mandible is strong, and the body is slightly larger and curved. 
The coronoid process (32) is vertical, high, and rounded; overall, the coronoid 
is more triangular than in Conepatus species. The condyle (33) is stout and 
barrel-shaped, and it sits aligned with the toothrow. The angular process (34) 
is reduced and rounded, and the ventral outline at the posterior is very curved, 
creating a shallow step (35); it is straighter in spotted skunks. The dentition is 
jagged. 

Similar species: Hooded and hog-nosed skunks, martens, and mink. 

Notes: Difficult to distinguish from hooded skunks (M. macroura), though 
hooded skunks often have larger, more inflated auditory bullae and wider 
postorbital breadths. Males are larger than females (see page 450). 


White-backed hog-nosed skunk, Conepatus leuconotus 


Greatest length: 65.0-84.5 mm (26/10-33/10 in.) (full table of measurements 
page 606, life-size image page 123, life-size jaw page 163) 

Specimen illustrated: Adult female, LACM 59421 

Dentition: i 3/3 c 1/1 p 2/3 m 1/2, total 32. Two premolars above, compared 
with three in Mephitis species. 

Dorsal: Skunk skulls are somewhat like lithic arrowheads in outline, triangular 
from the zygomatic arches forward, with the broad mastoids and 
supraoccipital shield forming the squared base; the hog-nosed skunk skull is a 
more inflated, rounded version of the striped skunk's. The rostrum (1) is very 
short and broad. The nasal sutures (2) are visible only in immature specimens; 
the nasal vacuity (3) is large and broad. The zygomatic arches (4) are 
widespreading and thin, converging to the anterior. Postorbital processes (5) 
are essentially nonexistent; the orbits (6) are medium and less forward facing; 
the temporal fossa (7) is large. The interorbital breadth (8) is wider than the 
constricted postorbital breadth. The braincase (9) is larger, rounded, and 
slightly more than 50 percent of the greatest length of skull; temporal ridges 
(10)may be developed and converge to form sagittal crests (11) at the 
posterior of the skull. In some animals, crests are large and extend the length 
of the braincase; occipital crests are well developed, and the supraoccipital 
shield (12) is very broad. The mastoid processes (13) are not as pronounced as 
in Mephitis species. 


DORSAL 3 


Ventral: The broad, rectangular palate (37) terminates well beyond the last 
molars (14). The incisive foramina (15) are small, the posterior edges 
approximately in line with the posterior of the canines. The pterygoid region 
(16) is broad. The mandibular fossa (17) is well developed. Auditory bullae 
(18) are very small and flattened. The foramen magnum (19) is medium, and 
the occipital condyles (20) are strong. The toothrows are relatively short, and 
the posterior molar (21) is wide and flattened; the tiny premolar (22) that sits 
just posterior to the canine in Mephitis species, is absent. 


Adult male hog-nosed skunk on the left, and adult female on the right. NATURAL HISTORY MUSEUM 
OF LOS ANGELES COUNTY 29320, 59421. 


Lateral: The dorsolateral outline is domed and rounded, and the frontals (30) 
are inflated; the apex of the skull (23) is posterior of the orbit above the 
braincase. The anterior edges of the premaxillaries (24) extend well beyond 
the nasals (25), and the nasal vacuity (26) is large and angled; the anterior tips 
of the nasals align with the posterior edge of the canines (27). The zygomatics 
(28) are thin and relatively straight. The pterygoid processes (29) are short, 
and the infraorbital foramen (31) is just anterior to the zygomatic arch and 
divided into two chambers by a sliver of bone. The auditory meatus (32) is 
medium, and the foramen magnum is low. 

Mandible: The mandible is strong, and the body is slightly larger and curved. 
The coronoid process (33) is vertical, high, and rounded; overall, the coronoid 
is more slender than in Mephitis species. The condyle (34) is stout and barrel- 
shaped, and it sits just above the toothrow. The angular process (35) is 
reduced, rounded, and elevated; the ventral outline at the posterior is curved 
and forms a step (36) closer to the angular process than in Mephitis species. 


The dentition is jagged. 
Similar species: Striped skunks, hooded skunks, mink, and martens. 


Family Felidae: Cats 


Cat skulls exhibit numerous characteristics of a predaceous and carnivorous 
lifestyle. The canines are long and slender, with increased nerve endings within; 
often the tips of the nerves are visible in teeth that are only slightly worn. These 
nerves increase sensitivity and help guide canines between vertebrae when 
making a kill. The carnassials also are long and bladelike. The incisors are 
horizontal. A single small molar sits on either side of the cranium. The 
articulation of the mandibles is very tight, focusing power into opening and 
closing the mouth rather than in lateral movements characteristic of crushing. 


Note the tiny premolar just posterior to the canine in the larger cougar (Puma concolor) skull, 
and the lack thereof in the closer bobcat (Lynx rufus) skull. SANTA BARBARA MUSEUM OF NATURAL 
HISTORY 887, 891. 


Members of Felidae. 1. Jaguarundi 184070 (Herpailurus yaguarondi), 2. Margay 118878 (Leop- 
ardus wiedii), 3. Feral cat, male 70135 (F. catus), 4. Bobcat, male 7150 (L. rufus), 5. Canada Lynx, 
male 4163 (L. canadensis), 6. Ocelot, male 132174 (Leopardus pardalis), 7. Jaguar, male 4900 (Pan- 
thera onca), 8. Cougar, male 50278 (Puma concolor). MUSEUM OF VERTEBRATE ZOOLOGY, UC BERKELEY. 


Cat skulls are characteristically rounded and squat, with shortened rostrums 


and widespreading and sturdy zygomatic arches. Large orbits are well forward, 
providing excellent binocular vision (see page 58), and large postorbital 
processes further support the temporalis muscles. 

The number of premolars can sometimes be used in identifying felids. A 
tiny premolar grows just posterior to the canine in some species. It is present in 
cougars and ocelots, for example, but not bobcats; it may or may not be present 
in domestic cats. The dental formula will indicate the presence of this small 
tooth. In cats in which it is present, the formula for premolars is 3/2. 

Differentiating between the skulls of bobcats (Lynx rufus) and Canada lynx 
(L. canadensis) can be difficult. Some loose generalizations can be made, but 
they do not seem to hold across varied geographic populations or every skull 
from a single region. Lynx skulls frequently are larger, though there is 
tremendous variation in size. Often the postorbital processes from the frontal 
bones are smaller and more toward the anterior of the skull in lynx than in 
bobcats. Also, lynx in general exhibit broader interorbital regions than in 
bobcats. Roest (1991) suggests using an interorbital breadth of 30 millimeters as 
a cutoff between the two species. Yet neither the 30 millimeters cutoff for 
interorbital width nor any of the other characters mentioned above should be 
used alone to differentiate between bobcats and lynx. Rather, all should 
contribute to an interpretation that builds through the course of comparing 
numerous characters and the environmental context of the skull. If it is from 
central Alaska, for example, it will certainly be a lynx. 


Differentiating between bobcat and lynx skulls. Compare the width and shape of the presphe- 
noid bones (1). Compare the relative position and orientation of the hypoglossal canal (3) with 
the jugular foramen (2) in each species. Drawn after Jackson (1961). 


The position and orientation of the hypoglossal canal varies in bobcats, and in some animals 
will be orientated and positioned in a similar fashion to those found in lynx. From left to right 
compare the position of the hypoglossal canal in the typical bobcat, the typical lynx, and at 
the far right, a bobcat that shows characteristics similar to those in lynx. PRIVATE COLLECTION. 


Anderson and Lovallo (2003) list several more reliable characters to 
distinguish between the two species, each found on the ventral surface of the 
cranium. In my own comparisons, the width of the presphenoid has been the 
most reliable in determining species. The authors suggest a cutoff of 4 
millimeters wide, smaller than that being a bobcat, and larger being a lynx. This 
has been the case in the skulls I have compared, even when I found an unusual 
bobcat with a more swollen presphenoid; the larger presphenoids of lynx have 
most often been around 6 millimeters wide. 

The location and orientation of the hypoglossal canal and jugular foramina 
are also useful, though variability creates certain complications. Refer to the 
illustrations and photographs on page 455 to gain a better understanding of these 
characters. 


Domestic or feral cat, Felis catus 


Greatest length: 77.5-101.0 mm (31/10—4 in.) (full table of measurements page 
608, life-size image page 126, life-size jaw page 164) 

Specimen illustrated: Adult male, LACM 31041 

Dentition: i 3/3 c 1/1 p 3/2 m 1/1, total 30. Grooved canines. Molars 1/1 distinct 
to cats. 

Dorsal: Feline skulls are rounded, with widespreading zygomatics; short, broad 
rostrums; and large orbits. The rostrum (1) is very short, broad, and strong; the 
nasals (2) are broad at the anterior, quickly tapering to the posterior, where the 
tips converge and meet in a distinctive depression (3). The zygomatic arches 
(4) are long, heavy, and widespreading, converging slightly to the anterior; the 
zygomatic plates (5) are proportionately larger than in native counterparts. 
Postorbital processes from the frontals (6) are well developed, triangular, and 
long; postorbital processes are well developed on the zygomatics (7). The 
orbits (8) are very large, forward facing, and positioned completely forward of 
the midline of the skull. From this perspective, the temporal fossa (9) appears 
smaller than the orbits. The frontal region (10) and interorbital breadth are 
narrow and high; the interorbital breadth is narrower than the postorbital. The 
braincase (11) is large, rounded, and wider than the rostrum; temporal ridges 
are weak but converge in a V at the anterior of the braincase to form a small 
sagittal crest (12). Occipital crests are very well developed, and the 
supraoccipital shield (13) is prominent. Distinctive, thick bone extensions 
(14), sometimes two-tipped, run from the parietals over the frontals toward the 
temporal ridges, a reliable character for differentiating from bobcats. The 
mastoid processes (15) are medium for cats. 

Ventral: The broad palate (16) is somewhat wedge-shaped, approximately as 
wide as the length of a toothrow, and then narrows considerably while 
extending well beyond the posterior molars. Toothrows are relatively short. 
The incisive foramina (17) are a bit larger and wider. The pterygoid region 
(18) is wide, and the pterygoid processes are long. The presphenoid (19) is 
narrower than in margays. The mandibular fossa (20) is well developed. 
Auditory bullae (21) are large, oval, and inflated. The foramen magnum (22) 
is larger, and occipital condyles (23) are medium. The carnassial (24) is thin 
and strong, and the molar (25) is tiny. 
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Lateral: The dorsolateral outline is very curved, the line from the apex of the 
skull above the orbits sloping more gradually to the tips of the nasals. The 
premaxillaries (26) extend to just beyond the nasals (27), and the nasal vacuity 
(28) is relatively small and vertical. The zygomatics are stout; the jugals (29) 
are massive, with very large postorbital processes (30), which in older animals 
will make contact and fuse with the upper postorbital processes to form a 
complete postorbital bar. The auditory meatus (31) is medium. Canines (32) 
are slender, conical, and grooved. The infraorbital foramina (33) are oblong 
and proportionately larger than in bobcats. 


Often relative size of the overall skull and the comparative lengths of the canines are enough 
to differentiate between feral cat and bobcat skulls. Bone extensions of the parietal bones are 
also discussed in the text. Here compare the proportionately larger infraorbital foramen in the 


feral cat skull on the left with that of the bobcat on the right. This is a useful clue to skull frag- 
ments. PRIVATE COLLECTION. 


Mandible: The mandible is solid, the body (34) deep and curved to the anterior. 
The coronoid process (35) is more slender, rounded, and long. The condyle 
(36) is stout, barrel-shaped, and aligned with the toothrow. The angular 
process (37) is reduced and rounded. The masseteric fossa (38) is deep, and 
the dentition is jagged. 

Similar species: Margays, jaguarundis, bobcats, and ocelots. 

Notes: Domestic cats can often be distinguished from bobcats by size alone, 
especially after the relative age of an animal is determined. Some additional 


characters to consider are the relative size of the infraorbital canal, which is 
often larger in domestic cats; the temporal ridges, which are more V-shaped 
than U-shaped in bobcats; the zygomatic plates and jugals, which are 
proportionately larger in domestic cats; a depression at the posterior tips of the 
nasals, which often appears in domestic cats but is rare in bobcats; the 
presence of the small premolar (P1); and the tendency for thick bone 
extensions, sometimes two-tipped, to extend from the parietals over the 
frontals toward the temporal ridges in domestic cats. 


Cougar or mountain lion, Puma concolor 


Greatest length: 170.5-220.0 mm (67/10-87/10 in.) (full table of measurements 
page 608, life-size image page 139, life-size jaw page 171) 

Specimen illustrated: Adult male, SBMNH 3037 

Dentition: i 3/3 c 1/1 p 3/2 m 1/1, total 30. Grooved canines. Molars 1/1 distinct 
to cats. 

Dorsal: Feline skulls are rounded, with widespreading zygomatics; short, broad 
rostrums; and large orbits. The rostrum (1) is very short, broad, and strong; the 
nasals (2) are broad, triangular, and shorter than in jaguars; the posterior tips 
converge and usually meet in a distinctive depression (3), though California 
populations lack this depression. The zygomatic arches (4) are long, heavy, 
and widespreading, converging to the anterior, and they are more than 50 
percent of the greatest length of skull; postorbital processes from the frontals 
(5) are thick, triangular, and slightly longer than in canids and ursids; 
postorbital processes are well developed on the zygomatics (6). The orbits (7) 
are large, forward facing, and positioned completely forward of the midline of 
the skull; the temporal fossa (8) is very large. The frontal region (9) and 
interorbital breadth are narrow and high; the interorbital breadth is slightly 
larger than the postorbital. The braincase (10) is large, rounded, and 
approximately as wide as the rostrum; well-developed temporal ridges (11) 
converge in a V at the anterior of the braincase to form a large sagittal crest 
(12). Occipital crests are very well developed, and the supraoccipital shield 
(14) is long. Distinctive, thin bone extensions (13) run from the parietals over 
the frontals toward the temporal ridges, a reliable character for identification. 
The mastoid processes (15) are large. 
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Ventral: The broad palate (16) is somewhat wedge-shaped, approximately as 


wide as the length of a toothrow, and extends well beyond the posterior 
molars. Toothrows are relatively short. The incisive foramina (17) are a bit 
larger and wider. The pterygoid region (18) is wide, and the pterygoid 
processes (19) are relatively long. The mandibular fossa (20) is well 
developed. Auditory bullae (21) are small, oval, and inflated. The foramen 
magnum (22) is smaller, and occipital condyles (23) are stout. The carnassial 
(24) is thin and strong. 

Lateral: The dorsolateral outline is very rounded, the line from the apex of the 
skull above the orbits slopes steeply (25) to the tips of the premaxillaries. The 
premaxillaries (26) extend to just beyond the nasals (27), and the nasal vacuity 
(28) is very large and sloping. The jugals (29) are stout, with larger, narrow 
postorbital projections (30) far to the anterior. The auditory meatus (31) is 
small. From this perspective, also note the well-developed sagittal crest (32), 
mandibular fossa (33), and short toothrow. Canines (34) are large and conical. 
The extra premolar (35) situated behind the large canines is not present in 
bobcats or lynx. 

Mandible: The mandible is heavy, the body (36) deep and curved to the 
anterior. The coronoid process (37) is large, stout, and rounded; the coronoid 
is more vertical than in jaguars. The condyle (38) is stout, barrel-shaped, and 
aligned with the toothrow. The angular process (39) is reduced and rounded. 
The masseteric fossa (40) is deep, and the dentition is jagged. 


Sexual dimorphism is pronounced in cougars, and evident when comparing skulls. Skulls 1 and 
2 are those of adult females, 3987 and 4744 respectively. Skull 3 is a subadult male, M-2159, 
and skull 4 that of an older, mature male, 3591. SANTA BARBARA MUSEUM OF NATURAL HISTORY. 


Similar species: Jaguars, ocelots, bobcats, lynx, and other large cats of the 
world, such as leopards. 

Notes: Immature animals have large, rounded braincases. With age, the 
braincase becomes proportionately smaller as the frontal region extends 
forward, and crests develop to support larger muscles. In males, the sagittal 
crest is further developed and the zygomata are proportionately more widely 
spread than in females (see page 460). Hoffmeister (1986) distinguishes 
cougars from jaguars as follows: If the maxillary toothrow measures 69 
millimeters or more in a male or 64 millimeters or more in a female, it's a 
jaguar. The length of the upper carnassial in male jaguars is 24 millimeters or 
more, and in females 23.5 millimeters or more. 


Ocelot, Leopardus pardalis 


Greatest length: 121.0-142.3 mm (49/10—59/10 in.) (full table of measurements 
page 608, life-size image page 136, life-size jaw page 167) 

Specimen illustrated: Adult male, MVZ 132174 

Dentition: i 3/3 c 1/1 p 3/2 m 1/1, total 30. Grooved canines. Molars 1/1 unique 
to cats. 

Dorsal: Feline skulls are rounded, with widespreading zygomatics; short, broad 
rostrums; and large orbits. The rostrum (1) is very short, broad, and strong; the 
nasals (2) are broad at the anterior, tapering quickly, and their posterior tips 
converge and meet in a distinctive depression (3). The zygomatic arches (4) 
are long, heavy, and widespreading, converging to the anterior, and they are 
approximately 50 percent of the greatest length of skull; postorbital processes 
from the frontals (5) are thick, long, and triangular; postorbital processes are 
well developed on the zygomatics (6). The orbits (7) are large, forward facing, 
and positioned completely forward of the midline of the skull; the temporal 
fossa (8) is large. The frontal region (9) and interorbital breadth are narrow 
and high; the interorbital breadth is narrower than the postorbital. The 
braincase is large, rounded, and wider than the rostrum; temporal ridges (10) 
converge in a V at the anterior of the braincase to form a sagittal crest (11). 
Occipital crests are very well developed, and the supraoccipital shield (12) is 
very large. The mastoid processes (13) are large. 

Ventral: The broad palate (14) is somewhat wedge-shaped, approximately as 
wide as the length of a toothrow, then narrows considerably as it extends well 
beyond the posterior molars. Toothrows are relatively short. The incisive 
foramina (15) are larger and wider. The pterygoid region (16) is wide, and the 
pterygoid processes (17) are long. The mandibular fossa (18) is well 
developed. Auditory bullae (19) are large, oval, and inflated. The foramen 
magnum (20) is large, and occipital condyles (21) are very wide apart. The 
carnassial (22) is thin and strong. 

Lateral: The dorsolateral outline is very rounded, the line from the apex of the 
skull above the orbits sloping less steeply (23) to the tips of the premaxillaries. 
The premaxillaries (24) extend to just beyond the nasals (25), and the nasal 
vacuity (26)is large and sloping. The zygomata are stout, especially the jugals 
(27), which have larger postorbital processes (28) to the anterior. The auditory 
meatus (29) is small. From this perspective, also note the well-developed 
sagittal (30) and occipital (31) crests. Canines are large and conical. The extra 
premolar (32) situated behind the large canines is not present in bobcats or 
lynx. 
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Mandible: The mandible is strong, the body deep and curved to the anterior. 
The coronoid process (33) is large, stout, and rounded. The condyle (34) is 
stout, barrel-shaped, and aligned with the toothrow. The angular process (35) 
is larger and rounded. The masseteric fossa (36) is deep, and the dentition is 
jagged. 

Similar species: Bobcats, lynx, cougars, domestic cats, and jaguarundis. 


Margay, Leopardus wiedii 


Greatest length: 86.6-107.0 mm (3*/10-42/10 in.) (full table of measurements 
page 608, life-size image page 125, life-size jaw page 164) 

Specimen illustrated: Adult female, LACM 33944 

Dentition: i 3/3 c 1/1 p 3/2 m 1/1, total 30. Grooved canines. Molars 1/1 unique 
to cats. 

Dorsal: Feline skulls generally are rounded, with widespreading zygomata, 
short, broad rostrums, and large orbits, though the margay exhibits a more 
slender outline because of its very large and long braincase. The rostrum (1) is 
very short, broad, and strong; the nasals (2) are broad at the anterior and taper 
quickly to the posterior. The zygomatic arches (3) are long, heavy, and 
widespreading, slightly converging to the anterior; zygomatic plates (4) are 
proportionately larger than in other cats. Postorbital processes from the 
frontals (5) are slender and triangular, pointing to the posterior; postorbital 
processes are well developed on the zygomata (6). The orbits (7) are very 
large, forward facing, and positioned well forward of the midline of the skull, 
which is a useful character in identification. The temporal fossa (8) is large. 
The frontal region (9) is elevated and narrower; the interorbital breadth is 
much narrower than the postorbital. The braincase (10) is very large, oval, and 
approximately two-thirds the greatest length of skull; temporal ridges are 
weak, and sagittal crests are generally absent or very small. Occipital crests 
are less developed. The mastoid processes (11) are either just or not visible 
from this perspective. 

Ventral: The broad palate (12) is somewhat wedge-shaped, approximately as 
wide as the length of a toothrow, then abruptly narrows and extends well 
beyond the posterior molars. Toothrows are relatively short. The incisive 
foramina (13) are larger and wider. The pterygoid region (14) is wide, and the 
pterygoid processes (15) are relatively long. The presphenoid (16) is wide. 
The mandibular fossa (17) is well-developed. Auditory bullae (18) are large, 
oval, and inflated. The foramen magnum (19) is very large, and occipital 


condyles (20) are stout. The carnassial (21) is thin and strong. 
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Lateral: The dorsolateral outline is very rounded, the line from the point of the 
skull above the orbits slopes steeply (34) to the tips of the premaxillaries; the 
apex of the skull (22) is aligned with the posterior of the zygomatic arches, 
which is farther back than in domestic cats. The premaxillaries (23) extend to 
just beyond the nasals (24), and the nasal vacuity (25) is smaller and slightly 
angled. The jugals (26) are stout, with larger postorbital processes (27) far to 
the anterior. The auditory meatus (28) is smaller. Large, conical canines (29) 
are more slender and straighter. 

Mandible: The mandible is strong, the body deep and very curved. The 
coronoid process (30) is large, slender, and rounded. The condyle (31) is stout 
and barrel-shaped, and it sits just above the toothrow. The angular process 
(32) is slightly larger and rounded. The masseteric fossa (33) is deep, and the 
dentition is jagged. 

Similar species: Jaguarundis and domestic cats. 


Jaguarundi, Herpailurus yaguarondi 
Greatest length: 86.7-116.1 mm (3*/10-49/10 in.) (full table of measurements 
page 608, life-size image page 125, life-size jaw page 165) 
Specimen illustrated: Adult female, LACM 61144 


Dentition: i 3/3 c 1/1 p 3/2 m 1/1, total 30. Grooved canines. Molars 1/1 unique 
to cats. 

Dorsal: Feline skulls generally are rounded, with widespreading zygomatics, 
short broad rostrums, and large orbits, though the jaguarundi exhibits a more 
slender outline because of its very long braincase. The rostrum (1) is very 
short, laterally compressed, and angular; from this perspective, the lines (2) 
created by following the anterior edge of the postorbital processes forward to 
the midline of the nasals are very distinctive. The nasals (3) are broad at their 
anterior, then taper quickly, their posterior tips converging in a slight 
depression (4). The zygomatic arches (5) are very long, heavy, and 
widespreading, strongly converging to the anterior; the zygomatic plates (6) 
are very large. Postorbital processes from the frontals (7) are thick, triangular, 
and pointed; postorbital processes are well developed on the zygomata (8). 
The orbits (9) are very large, forward facing, and positioned well forward of 
the midline of the skull, which is a useful character in identification. The 
temporal fossa (10) is large. The frontal region (11) is well elevated, and the 
interorbital breadth is much narrower than the postorbital. The braincase is 
very large, oval, and well over 50 percent of the greatest length of skull. 
Temporal ridges are weak to absent, and a small sagittal crest may develop far 
to the posterior. Occipital crests are well developed, and the supraoccipital 
shield (12) is broad. The mastoid processes often are not visible from this 
perspective. 

Ventral: The broad palate (13) is somewhat wedge-shaped, approximately as 
wide as the length of a toothrow, then abruptly tapers and extends well beyond 
the posterior molars; there is a concave outline (15) or notch in the posterior 
palate between the posterior molars and the pterygoid region. The posterior 
palate also has a small notch (14) along the midline, a smaller version of what 
is characteristic in jaguars. Toothrows are relatively short. The incisive 
foramina (16) are larger and wider. The pterygoid region (17) is very broad, 
and the pterygoid processes (18) are long. The mandibular fossa (19) is well 
developed. Auditory bullae (20) are very long, oval, and inflated. The foramen 
magnum (21) is large, and occipital condyles (22) are stout. The carnassial 
(23) is thin and strong. 

Lateral: Perhaps the most distinctive feature of the jaguarundi is the dorsolateral 
outline, which is less rounded than other cats (24); the rostrum (25) is 
distinctively deep. The premaxillaries (26) extend to just beyond the nasals 
(27), and the nasal vacuity (28) is very large and vertical. The zygomata are 
stout, especially the jugals (29), which have slender postorbital processes (30) 
far to the anterior. The auditory meatus (37) is small. Canines (31) are smaller 


and conical, and the infraorbital foramen (32) is oval. 
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Mandible: The mandible is strong, the body deep and very curved. The 
coronoid process (33) is large, broad, and rounded. The condyle (34) is stout, 
barrel-shaped, and aligned with the toothrow. The angular process (35) is 
rounded and extends beyond the condyle. The masseteric fossa (36) is deep, 
and the dentition is jagged. 

Similar species: Margays, domestic cats, ocelots, and bobcats. 


Canada lynx, Lynx canadensis 


Greatest length: 117.4-135.8 mm (49/10—53/10 in.) (full table of measurements 
page 608, life-size image page 136, life-size jaw page 167) 

Specimen illustrated: Adult male, MVZ 4163 

Dentition: i 3/3 c 1/1 p 2/2 m 1/1, total 28. Grooved canines. Molars 1/1 unique 
to cats. 

Dorsal: Feline skulls are rounded, with widespreading zygomata; short, broad 
rostrums; and large orbits. The rostrum (1) is very short, broad, and strong; the 
nasals (2) are broad and triangular, tapering to the posterior, where the tips 
may converge in a slight depression (3) or may be flat. The zygomatic arches 


(4) are long, heavy, and widespreading, converging to the anterior. Postorbital 
processes from the frontals (5) are large and triangular, pointing well away 
from the midline of the skull; postorbital processes are well developed on the 
zygomata (6). The orbits (7) are very large, forward facing, and positioned 
completely forward of the midline of the skull; the temporal fossa (8) is large. 
The frontal region (9) and interorbital breadth are broad and elevated; the 
interorbital breadth is slightly narrower than the postorbital. The braincase 
(10) is large, rounded, and wider than the rostrum; well-developed temporal 
ridges (11) converge in a U at the posterior of the braincase to form a small 
sagittal crest (12). Occipital crests are very well developed, and the 
supraoccipital shield (13) is long, especially in old animals. The mastoid 
processes often are not visible from this perspective. 

Ventral: The broad palate (14) is somewhat wedge-shaped, approximately as 
wide as the length of a toothrow, and then narrows considerably before 
extending beyond the posterior molars. Toothrows are relatively short. The 
incisive foramina (15) are a bit larger and wider. The pterygoid region (16) is 
wide, and the pterygoid processes (17) are relatively long. The presphenoid 
(18) is wider than 4 mm, which is a more reliable character in differentiating 
from bobcats. The mandibular fossa (19) is well-developed. Auditory bullae 
(20) are medium, oval, and less inflated. The foramen magnum (21) is 
medium, and occipital condyles (22) are stout. The carnassial (23) is thin and 
strong. 
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Compare the smaller, darker female lynx skull on the left with the lighter, larger adult male 
skull on the right. Both animals were trapped near Nome, Alaska. PRIVATE COLLECTION. 


Lateral: The dorsolateral outline is very rounded, the line from the apex of the 
skull above the orbits slopes steeply (24) to the tips of the premaxillaries. The 
premaxillaries (25) extend to just beyond the nasals (26), and the nasal vacuity 
(27) is very large and sloping. The zygomatics are stout, especially the jugals 
(28), which have larger, narrow postorbital processes (29) to the anterior. The 
auditory meatus (30) is medium. From this perspective, also note the well- 
developed occipital shield (31) and oval infraorbital foramen (32). Canines 
(33) are long and conical. 

Mandible: The mandible is strong, the body deep and curved to the anterior. 
The coronoid process (34) is large, stout, and rounded. The condyle (35) is 
stout, barrel-shaped, and aligned with the toothrow. The angular (36) process 
is reduced and rounded. The masseteric fossa (37) is deep, and the dentition is 
jagged. 

Similar species: Difficult to distinguish from bobcats. Also, ocelots, domestic 
cats, and cougars. 


Bobcat, Lynx rufus 


Greatest length: 105.8-145.2 mm (42/10—57/10 in.) (full table of measurements 
page 610, life-size image page 134, life-size jaw page 166) 

Specimen illustrated: Adult male, SBMNH 891 

Dentition: i 3/3 c 1/1 p 2/2 m 1/1, total 28. Grooved canines. Molars 1/1 unique 
to cats. 

Dorsal: Feline skulls are rounded, with widespreading zygomata; short, broad 
rostrums; and large orbits. The rostrum (1) is very short, broad, and strong; the 
nasals (2) are broad and triangular, tapering to the posterior, where the tips 
may converge in a slight depression (3) or may be flat. The zygomatic arches 
(4) are long, heavy, and widespreading, converging to the anterior. Postorbital 
processes from the frontals (5) are large and triangular, pointing well away 
from the midline of the skull; postorbital processes are well developed on the 
zygomata (6). The orbits (7) are very large, forward facing, and positioned 
completely forward of the midline of the skull; the temporal fossa (8) is large. 
The frontal region (9) and interorbital breadth are narrow and elevated; the 
interorbital breadth is slightly narrower than the postorbital. The braincase 
(10) is large, rounded, and wider than the rostrum; well-developed temporal 
ridges converge in a U at the posterior of the braincase to form a small sagittal 
crest (11). Occipital crests are very well developed, and the supraoccipital 
shield (12) is long, especially in old animals. The mastoid processes (13) often 
are just visible from this perspective. 
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From left to right, two male bobcats and a female. SANTA BARBARA MUSEUM OF NATURAL HISTORY 891, 
2015, 3807. 


Ventral: The broad palate (14) is somewhat wedge-shaped, approximately as 
wide as the length of a toothrow, and then narrows considerably before 
extending beyond the posterior molars. Toothrows are relatively short. The 
incisive foramina (15) are a bit larger and wider. The pterygoid region (16) is 
wide, and the pterygoid processes (17) are relatively long. The presphenoid 
(18) is less than 4 mm wide, a more reliable character to differentiate from 
lynx. The mandibular fossa (19) is well developed. Auditory bullae (20) are 
medium, oval, and less inflated. The foramen magnum (21) is medium, and 
occipital condyles (22) are stout. The carnassial (23) is thin and strong. 
Lateral: The dorsolateral outline is very rounded, the line from the apex of the 
skull above the orbits slopes steeply (24) to the tips of the premaxillaries. The 
premaxillaries (25) extend to just beyond the nasals (26), and the nasal vacuity 
(27) is very large and sloping. The zygomata are stout, especially the jugals 
(28), which have larger, narrow postorbital processes (29) to the anterior. The 
auditory meatus (30) is medium. From this perspective, also note the well- 
developed occipital shield (31) and infraorbital foramen (32), which is 
proportionately smaller than in domestic cats. Canines (33) are long and 
conical. 

Mandible: The mandible is strong, the body deep and curved to the anterior. 


The coronoid process (34) is large, stout, and rounded. The condyle (35) is 
stout, barrel-shaped, and aligned with the toothrow. The angular process (36) 
is reduced and rounded. The masseteric fossa (37) is deep, and the dentition is 
jagged. 

Similar species: Difficult to distinguish from Canada lynx. Also, ocelots, 
domestic cats, and cougars. 

Notes: When specimens of similar age are compared, male skulls are longer, 
more sharply ridged, and more robust than female (see above). Yet sexual 
dimorphism is much less pronounced than in cougars, and an old female and a 
younger male could be confused. With age, the skull lengthens, ridges and 
crests develop, and postorbital processes lengthen; in old animals, they may 
touch and even fuse. 


Jaguar, Panthera onca 


Greatest length: 203.9-275.0 mm (8-108/10 in.) (full table of measurements 
page 610, life-size image page 142, life-size jaw page 172) 

Specimen illustrated: Adult male, MVZ 4900 

Dentition: i 3/3 c 1/1 p 3/2 m 1/1, total 30. Grooved canines. Molars 1/1 unique 
to cats. 

Dorsal: Feline skulls are rounded, with widespreading zygomata; short, broad 
rostrums; and large orbits. The rostrum (1) is slightly longer and broader than 
in cougars; the nasals (2) are broad and longer, the posterior tips converging 
and meeting in a depression (3). The zygomatic arches (4) are long, very 
heavy, and widespreading, strongly converging to the anterior; postorbital 
processes from the frontals (5) are thick, triangular, and longer than in canines 
and ursids; postorbital processes are well developed on the zygomata (6). The 
orbits (7) are large, forward facing, and positioned completely forward of the 
midline of the skull; the temporal fossa (8) is very large. The frontal region (9) 
and interorbital breadth are proportionately narrower than in cougars; the 
interorbital breadth is much larger than the postorbital. The braincase (10) is 
proportionately smaller and approximately as wide as the rostrum; well- 
developed temporal ridges (11) converge in a V at the anterior of the braincase 
to form a large sagittal crest (12). Occipital crests are very well developed, and 
the supraoccipital shield (13) is very long. The mastoid processes (14) blend in 
with the squamosal arm of the zygomatic arch (15). 

Ventral: The broad palate (16) is somewhat wedge-shaped, approximately as 
wide as the length of a toothrow, and extends well beyond the posterior 


molars. There is a distinctive notch (17) in the palate at the posterior along the 
midline, a reliable character to differentiate from cougar. Toothrows are 
relatively short. The incisive foramina (18) are a bit larger and wider. The 
pterygoid region (19) is narrow, and the pterygoid processes (20) are relatively 
long. The mandibular fossa (21) is well developed. Auditory bullae (22) are 
small, oval, and inflated. The foramen magnum (23) is proportionately smaller 
than in cougars. The carnassial (24) is thin and strong. Several teeth (25) are 
missing in this specimen. 


DORSAL 


Lateral: The dorsolateral outline is rounded, the line from the apex of the skull 
above the orbits sloping (26) to the tips of the premaxillaries (27), though to a 
lesser degree than in cougars. The premaxillaries extend well beyond the 
nasals (28), and the nasal vacuity (29) is large and sloping. The zygomata are 
very stout, with massive jugals (30) and narrow postorbital processes (31) far 
to the anterior. The auditory meatus (32) is small. From this perspective, also 
note the long occipital shield (33) and very large, conical canines (34). 

Mandible: The mandible is heavy, the body deep and curved to the anterior. The 
coronoid process (35) is slightly longer and more slender than in cougars, and 
it points more to the posterior. The condyle (36) is stout, barrel-shaped, and 
aligned with the toothrow. The angular process (37) is reduced and rounded. 
The masseteric fossa (38) is deep, and the dentition is jagged. 

Similar species: Cougars, other large cats, bears, and wolves. 

Notes: The sagittal crest develops with age and is most pronounced in males. A 
biologist in Mexico told me, while working there inventorying carnivores, that 
the palatal notch is related to the jaguar's ability to roar; cougars, which lack 
the notch, are unable to do so. I’ve not found literature to substantiate this 
statement, but it has certainly burned the notch into my memory, which is a 
very useful character in identification. 


Order Cetacea: Whales and Dolphins 
Family Delphinidae: Dolphins 


The vast diversity of porpoises, dolphins, and whales are divided into two large 
groups: the Mysticeti, the baleen whales; and the Odontoceti, the toothed whales, 
which include orcas, dolphins, porpoises, beaked whales, and sperm whales. 

One can quickly surmise to which group an animal belongs from only its 
skull. The skulls of Mysticeti have long, arched rostrums, with concave ventral 
surfaces, creating ample space for baleen attachments (see page 474). The 
rostrums of the toothed whales are straight, and the presence of teeth is ample 
evidence. 

Toothed whales also have concave, sloping foreheads, which create the 
necessary bony amphitheater to house the mass of fatty tissue used in echo 
location, and reflect and direct the sound waves used to project communication 
over vast distances; the baleen whales are not able to do this. The sound 
receptacle is actually on the inside of each mandible, where sounds are funneled 
into a cavity at the posterior that sits just behind the free-floating ear bones. 


Three members of the order Cetacea: 1. Bottlenose dolphin 106609 (Tursiops truncatus), 2. Har- 
bor porpoise, female 208561 (Phocoena phocoena), 3. Common dolphin, male 115339 (Delphi- 
nus delphis). MUSEUM OF VERTEBRATE ZOOLOGY, UC BERKELEY. 


A gray whale (Eschrichtius robustus) and example of a baleen whale (Mysticeti species). Note 
the concave ventral surface of the rostrum, where the baleen attaches, and the convex "fore- 


head" region. 


Bottlenose dolphin (Tursiops truncatus) an example of a toothed cetacean (Odontoceti species). 
Note the straight ventral surface of the rostrum where the teeth are located and concave "fore- 
head," which creates the bony amphitheater used to direct and launch sounds used in long dis- 
tance communication. 


Here is pictured the inner surface of a bottlenose dolphin's mandible to show the bony struc- 
tures characteristic of all members of Odontoceti, which funnel sound to the posterior of the 
mandible next to the free-floating ear bones. SANTA BARBARA MUSEUM OF NATURAL HISTORY 3669. 


The teeth of the Odontoceti are simple and peglike, ideal for gripping 
slippery prey. They are designed to prevent escape, as many toothed whales grip 
their prey, reposition it, and then gulp it whole. 


Bottle-nosed dolphin, Tursiops truncatus 


Greatest length: 425.0-517.5 mm  (167/A0-20*Ao in.) (full table of 
measurements page 610, life-size image page 157, life-size jaw page 177) 

Specimen illustrated: Adult, SBMNH 3669 

Dentition: 20—26 above, 18—24 below, total up to 50. 

Dorsal: Dolphin skulls are triangular, with long, slender rostrums and rounded 
posteriors. One peculiarity is that the nasal bones (1) are rounded projections 
toward the posterior at the apex of the skull. The two large vacuities (2) are 
the nares, which in many toothed whales are shifted to the left, and one is 
much larger than the other. The premaxillaries (3) extend forward down the 
center of the dorsal surface of the rostrum and are in contact with one another 


for 50 percent of their length. The maxillary bones (4) also extend the length 
of the rostrum. The occipital bone (5) is large and curved. This animal is not 
yet a full adult, as evidenced by the porous bone structures (6) in certain 
regions of the skull. 

Ventral: Jugal bones (7) are very thin and are often lost in skulls found in the 
field; the jugal on the left-hand side is missing from this animal. The occipital 
condyles (8) are very large. 

Lateral: The dorsolateral outline is dominated by the long, slender rostrum, and 
then rises sharply just posterior to the nares (9); the concave forehead (10) 
serves as the amphitheater. The posterior of the skull created by the large 
occipital bone (11) curves toward the anterior. The orbit (12) is large and low; 
the jugal bone is missing. The rostrum (13) is less deep than it is wide, and the 
premaxillaries (14) are flattened on their dorsal surfaces. Teeth are large, 
peglike, and smooth-crowned. Note the position of the nasals (15) at the apex 
of the skull. 
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Mandible: The mandible is long and triangular, tapering toward the anterior. 
The coronoid process (16) is reduced and rounded. The condyle (17) is large 
and stout, and the angular process (18) is small, creating a sharper corner 
along the ventral surface. The teeth are simple and peglike. 

Similar species: Other dolphins, porpoises, and false killer whales. 


Order Sirenia: Dugongs, manatees, and sea cows 


Family Trichechidae: Manatees 

The manatee is an entirely aquatic creature of heavy, dense bones. The jugals are 

heavy in fats and thought to be used in communication. The mandible is hollow 

and filled with lipid-rich adipose tissue that conducts sound energy (Hall 1981). 
As in elephants, the molariform teeth are replaced from the posterior as 

anteriormost teeth become worn, useless, and drop out (Hall 1981). Look for the 


replacement teeth lined up in elevator fashion and emerging on the inside of the 
posterior mandible (see page 477). 


The North American member of this family is the West Indian manatee (Trichechus manatus). 
Female, MUSEUM OF VERTEBRATE ZOOLOGY, UC BERKELEY 90711. 


Look carefully to the posterior of the toothrow where teeth are emerging from within the bone 
as if on a conveyor belt. As teeth are worn and drop out to the anterior, new teeth shift for- 
ward from the posterior to replace them. Female, MUSEUM OF VERTEBRATE ZOOLOGY, UC BERKELEY 90711. 


West Indian manatee, Trichechus manatus 


Greatest length: 325.0-418.0 mm (12®10-16°/ıo in.) (full table of 
measurements page 610, life-size image page 152, life-size jaw page 176) 

Specimen illustrated: Adult female, MVZ 90711 

Dentition: Molariform teeth 11/11, but up to 6 showing at any given time. 
Incisors are very small and lost by adulthood. 

Dorsal: Manatee skulls are large, heavy, and somewhat triangular in outline. 
The rostrum (1) is triangular and dominated by the massive nasal vacuity (2), 
which is enlarged due to the tiny, receded, and widely spaced nasal bones (3). 
The premaxillaries (1) are stout and have concave lateral surfaces (4) toward 
the anterior. Orbits (5) are small and well forward of the midline of the skull, 
protruding out and to the anterior. The zygomatic arches (6) are thick and 
heavy, converging toward the anterior. The postorbital breadth (7) is broad, 
flattened, and elevated. Temporal ridges (8) are well developed, as are the 
occipital crests (9), both of which obscure views of the smaller braincase (10). 

Ventral: The palate (11) is long, very narrow, and notched (12) to the posterior. 
The pterygoid region (13) is narrow; mandibular fossae (14) are developed. 
The auditory bullae (15) are incomplete and ringlike, and the basioccipital 
region (16) is narrow. The foramen magnum (17) is large, and the occipital 
condyles (18) are large and stout. Molariform teeth are flat and squared; teeth 


are completely lacking to the anterior of the mouth. 

Lateral: The dorsolateral outline is convex, with a step (19) midway along to 
the rostrum. The orbits (20) are oval and nearly completely surrounded by 
bone; the zygomatic arches (21) are massive. 

Mandible: Manatee mandibles are massive and heavy, and they are very similar 
in form to those of elephants. The coronoid process (22) is very high, squared, 
and angled to the anterior; the anterior edge is concave. The condyle (23) is 
large, strong, high, and vertical, and it sits just below the apex of the coronoid. 
The angular process (24) is large and rounded, forming the posterior corner. 
The ventral surface of the mandible is concave (25), and high on the anterior 
edge is a small, pointed projection (26). The molariform teeth are replaced 
from the posterior as anteriormost teeth are worn and lost. 
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Similar species: Walrus, whales, and pygmy elephants. 


Order Perissodactyla: Odd-Toed Ungulates 


Family Equidae: Horses 

Feral horses are an introduced species found in pockets throughout the West and 
in smaller numbers along the coast. The horse skull is distinctive due to its large 
incisors, which are ideal for cropping grass. The eyes are far to the back of the 
head, a characteristic of pure grazers. Additional bony structure on the lateral 
sides of the rostrum allows for the attachment of massive masseter muscles, 
responsible for grinding and milling. The articulation with the mandible allows 
ample lateral movement, and the body of the mandible is triangular, which 
moves the power to the posterior and away from the incisors when closing the 
mouth. 


Feral horse or wild pony, Equus caballus 


Greatest length: 567.0-628.0 mm (223/10-247/10 in.) (full table of 
measurements page 612, life-size image page 158, life-size jaw page 178) 

Specimen illustrated: Adult, SBMNH 

Dentition: і 3/3 c 0-1/0-1 p 3-4/3-4 m 3/3, total 36-44. 

Dorsal: Horse skulls are massive and very slender, with large incisors to the 
anterior and orbits far to the posterior. The rostrum (1) is very long and 
triangular, with the premaxillary bones (2) projecting less to the anterior than 
in elk or moose; turbinate bones are not visible. Nasals (3) are very broad and 
long, tapering to points (4) at the anterior. Rostral fenestrae are absent. Orbits 
(5) are large and situated behind the midline of the skull; supraorbital 
foramina (6) are small. The braincase (7) is very small, oval, and smooth; 
temporal ridges are small but converge to form a small sagittal crest (8) at the 
posterior of the braincase. Zygomatic arches spread (9) less than the orbits 
protrude. Occipital crests are well developed, and the supraoccipital shield 
(10) is narrow. 

Ventral: The palate (11) is long and narrow, extending to the posterior just 
beyond the anterior edge of the last molar (12); incisive foramina (13) are 
long, but very thin compared with those of cervids. Incisors (14) are large and 
distinctive, and a vestigial canine is evident. The pterygoid region (15) is 
narrow. The auditory bullae (16) are very small and not inflated; the 
basioccipital region (17) is very narrow. The foramen magnum (18) is 
medium, and the occipital condyles (19) are large and stout. Molariform teeth 
are large, flat, and squared. 

Lateral: The dorsolateral outline is dominated by the deep rostrum (20). The 
premaxillaries (21) extend well beyond the anterior tips of the long nasals 
(22), and the nasal vacuity (23) is large and angled. The lacrimal bone (24) is 
large and in contact with the nasals (25); a lacrimal depression is absent. A 
significant ledge (26)continues forward of the orbits along the maxillaries and 
provides additional bony attachments for the developed masseter muscles. The 
orbits (27) are oval in shape (the posterior edge is flattened in donkeys) and 
outlined to the posterior by a complete orbital bar (28); the zygomatic arches 
(29) are strong. The auditory meatus (31) is very small. The occipital crests 
(30) extend to the posterior over the occipital condyles. Note the small canine 
teeth (39). 
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Mandible: Horse mandibles are large and heavy. They are also long and slender, 
strongly tapering (32) toward the anterior, and have a posterior corner, which 
is the angular process. The coronoid process (33) is very high and slender, 
curving to the posterior. The condyle (34) is large and strong, and it sits well 
above the toothrows. The angular process (35) is large and rounded, forming 
the posterior corner. The ventral surface of the angular process (36) is below 
the ventral surface of the body (37) below the toothrows. The canine (38) is 
vestigial yet evident. 

Similar species: Moose and elk. 

Notes: Well-developed incisors for cropping grass. Canines may or may not be 
present, but when present, they are generally larger in males. Aging can be 
done quite reliably by examining tooth eruption and wear. A thorough 
description of the various characteristics used to age horses appears in Jenkins 
and Ashley (2003). 


Order Artiodactyla: Even-Toed Ungulates 


Family Suidae: Hogs and pigs 


Feral hogs are difficult to classify and seem to be an interbred mix of wild hogs 
from Europe and domestic animals; they have since become feral and quite 
successful in North America. Morphologically, feral hogs provide a middle 
ground in many characters that differentiate the European wild hogs and 
domestic pigs. 


Wild boar or feral hog, Sus scrofa 


Greatest length: 258.0-322.0 mm  (102/10-127/10 in.) (full table of 
measurements page 612, life-size image page 145, life-size jaw page 175) 

Specimen illustrated: Adult male, SBMNH 1001 

Dentition: i 3/3 c 1/1 p 4/4 m 3/3, total 44. Prominent canines are curved, 3 
upper incisors rather than the 2 in peccaries, and 7 premolars rather than the 6 
in peccaries. 

Dorsal: Domestic and wild pig skulls are slender, with long rostrums, distinctive 
curving canines, and a large, triangular extension projecting from the posterior 
of the braincase. The rostrum (1) is very long and slender, with the maxillary 
bones (2) and curving canines projecting out to either side. Nasal sutures (3) 
are evident, and nasals (4) are long and slender, with pointed anterior tips; two 
smaller facial glands (5) are present between the orbits, but these should not 
be confused with the distinctive grooves of the peccary. The zygomatic arches 
(6) are heavy and thick; orbits (7) are relatively small, and postorbital 
processes (8) are well developed and triangular, pointing to the posterior. The 
braincase (9) is larger and angular, though obscured by large temporal ridges 
(10) that converge to the posterior but do not touch. The occipital crests are 
well developed, and the supraoccipital shield (11) is distinctly triangular but 
does not extend as far over the occipital condyles as in peccaries. 

Ventral: The palate (12) is very long and narrow, extending to the posterior 
beyond the toothrows. The pterygoid region (13) is small. The auditory bullae 
(14) are small and inflated. The foramen magnum (15) is small, and occipital 
condyles (16) are stout. Six incisors (17) and large canines are obvious. Palatal 
pits (18) are present between the molars. 

Lateral: The dorsolateral outline from the apex of the crests to the tip of the 
nasals is concave (19) and steeply slopes down the frontals. The tips of 
premaxillaries (20) and nasals (21) are aligned to the anterior, and the nasal 
vacuity (22) is smaller and notched. The zygomatic arches (23) are heavy, 
with large postorbital processes (24), but there is no complete postorbital bar. 
The infraorbital foramen (25) is medium and situated above the premolars. 


The auditory meatus is obscured. The very long paraoccipital processes (26) 
are a distinctive feature at the posterior. The canines (27) are curved out and 
up, and the molariform teeth are blunt. 

Mandible: The mandible is long and heavy. The coronoid process (28) is 
reduced and pointed; the anterior edge (29) is convex. The condyle (30) is 
high and strong, and it sits well above the toothrows. The angular process (31) 
is large and rounded, forming the posterior corner. The ventral surface (32) of 
the mandible is relatively straight. The canine (33) is long and curves outward. 

Similar species: Domestic pigs, peccaries, and horses. 

Notes: Domestic pigs in general have larger, higher, and broader skulls, though 
some animals will be difficult to differentiate. Sweeney et al. (2003) describe 
a means of identifying the sex of a skull with a study of the canines: Males 
have enamel extending the length of the entire crown and roots of the teeth, 
while in females the roots are uncovered. In addition, the sockets for the 
canines in males are trapezoidal in cross section; in females, they are more 
triangular. A well-described and presented discussion on the aging of skulls 
from both tooth eruption and wear is included in Sweeney et al. (2003). 


DORSAL 


MANDIBLE 


32 


30 


31 


Family Tayassuidae: Peccaries 


Peccaries are the native counterparts to Old World swine. Their skulls are 
distinctive in that the canines are enlarged and straight. The facial and palatal 
sutures fuse early in life. In 1974, Herring noted that the order in which sutures 
fuse in the peccary prioritizes those associated with the rostrum and palate, 
which is different from most other animals (Hellgren and Bissonette 2003). She 
hypothesized that this is due to an early strengthening of the snout, which is 
critical in rooting and food acquisition. Another peculiarity of the species is the 
interlocking molariform teeth (see page 485), which some researchers feel may 
stabilize the jaw when crushing tough mast crops. 


On the left is the skull of a feral pig (Sus scrofa), and on the right the smaller collared peccary, 
male 115424 (Pecari). MUSEUM OF VERTEBRATE ZOOLOGY, UC BERKELEY. 


The interlocking teeth of a young collared peccary. With age, the sharp cusps and crowns wear 
down and thus interlocking components are less pronounced. PRIVATE COLLECTION. 


Collared peccary or javelina, Pecari tajacu 


Greatest length: 220.2-257.6 mm (87/10-101/10 in.) (full table of measurements 
page 612, life-size image page 141, life-size jaw page 172) 

Specimen illustrated: Adult male, MVZ 115424 

Dentition: i 2/3 c 1/1 p 3/3 m 3/3, total 38. Prominent, well-developed canines 
point straight up and down, 2 upper incisors rather than the 3 in wild hogs, and 
6 premolars rather than the 7 in hogs. 

Dorsal: Peccary skulls are robust, strong, and slender, with distinctive straight 
canines and a large, triangular extension projecting from the posterior of the 
braincase. The rostrum (1) is long, slender, and deep, with the maxillary bones 
(2) and canines projecting out to either side. Nasal sutures (3) fuse with 
adulthood and are obscured; two deep distinctive channels (4) start between 
the orbits and run the length of the rostrum. The zygomatic arches (5) are 
heavy and thick; orbits (6) are relatively small, and postorbital processes (7) 
are well developed and triangular. The braincase (8) is small and rounded, 
though obscured by elevated frontals (9) and large temporal ridges (10) that 


converge to form a large but short sagittal crest (11). The occipital crests are 
well developed, and the supraoccipital shield (12) is distinctly triangular and 
extends far to the posterior of the braincase. 

Ventral: The palate (13) is very long and narrow, extending to the posterior 
beyond the toothrows; a pair of palatal ridges or grooves extends (14) between 
the canines and premolars. The pterygoid region (15) is small. The auditory 
bullae (16) are small, inflated, and they hang low. The foramen magnum (17) 
is small, and occipital condyles (18) are stout. Four incisors (19) and large 
canines (20) are obvious. 

Lateral: The dorsolateral outline is one continuous slope (21) from the posterior 
crests to the tips of the nasals. The premaxillaries (22) extend well beyond the 
anterior tips of the nasals (23), and the nasal vacuity (24) is medium and 
angled. The zygomatic arches (25) are heavy, with large postorbital processes 
(26), but there is no complete orbital bar. A significant ledge (27) continues 
forward of the orbits along the maxillaries and provides additional bony 
attachments for the developed masseter muscles; the infraorbital foramen (28) 
is larger and situated above M1. The auditory meatus is obscured. The canines 
(29) are large and straight, and the molariform teeth are sharply cusped 
(except in very old animals) and interlock with the opposing teeth in the 
mandible. 
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Mandible: The mandible is long and heavy. The coronoid process (30) is low 
and squared. The condyle (31) is small and strong, and it sits above the 
toothrows. The angular process (32) is large and rounded, forming the 
posterior corner. There is a distinctive step (33) in the ventral surface of the 
angular process below the posterior molars. The canine (34) is long and 
vertical, curving slightly to the posterior. 

Similar species: Other peccaries, feral hogs, and domestic pigs. The orbital 
notch is not present in the more southern white-lipped peccary (Pecari 
pecari). 

Notes: The large canines are thought to be used primarily as weapons and in 
competition between breeding males, though another hypothesis is that they 
stabilize the jaw while breaking tough tropical nuts (Hellgren and Bissonette 
2003). Bissonette (1982) writes that adult dentition is reached in eighty-four 
weeks: Animals are born with four deciduous canines and the posterior pair of 
lower incisors. Between two and three months, the following teeth erupt in 
sequence: upper P3, lower p3, upper P2, lower p2, upper incisors I1, upper P4, 
lower p4, upper I2, lower i2. At about 5 months, M1 and lower m1 erupt. 
Then in sequence, canines are replaced, then i3 lower incisors, then upper 
molar M2 erupts, lower m2 erupts, and finally the remaining incisors are 
replaced and permanent premolars appear. This process is complete at about 
eighty-four weeks of age. Heffelfinger (1997) provides an excellent pictorial 
presentation of this process. 


Family Cervidae: Deer 


The skulls of cervids include numerous adaptations to support an herbivorous 
diet. The rostrum is long, allowing more anchorage for masseter muscles, and 
the mandibles are thin and long. Cervids lack incisors in the cranium altogether, 
and they feed by ripping vegetation caught between the lower incisors and the 
hard palate above. Their teeth are shorter than in Bovidae and have sharper 
cusps; this dentition grinds woody materials as well as herbaceous materials, and 
thus in general cervids are referred to as browsers and bovids as grazers. 

A useful tool in identification of cervids is the length and form of the vomer 
bone. In deer and caribou, the vomer extends to the posterior to divide the nares 
into two chambers; in moose and elk, it does not. View the vomer ventrally, 
tilting it so that the rostrum is lower than the braincase. This thin and fragile 
bone is often damaged in skulls in the field, so infer as much as possible from 
jagged bone fragments. Refer to the photo on page 488. 


Cervid males, and females in the caribou, grow and shed antlers every year. 
Bovids, such as bison and sheep, grow ever more impressive horns over a 
lifetime. Antlers grow directly from the skull, whereas horns are keratin and 
bone growths connected to the skull with cartilage. 

There are only theories as to why horns and antlers began to grow on the 
heads of these animals long ago. Researchers believe that antlers were most 
likely developed for their contributions in scent communication during the 
mating season. The velvet, within which the antlers grow with astonishing speed, 
holds the highest concentration of oil and scent-producing glands in the entire 
body, and very large glands occur on the skull above the orbits. Even when the 
velvet falls away and the antlers are *dead" bone, glands under the eyes are still 
rubbed on shrubs and trees, and then oils are transferred to the antlers during 
antler rubs. Some animals will, with some gymnastics, urinate on their own 
racks during the rut, when their urine is filled with tantalizing pheromones. 


Members of Cervidae: 1. Mule deer, including black-tailed deer 104890 (O. hemionus), 2. White- 
tailed deer 78255 (O. virginianus), 3. Caribou 125629 (Rangifer tarandus), 4. Elk or wapiti 133299 
(Cervus canadensis), 5. Moose 69929 (Alces alces). MUSEUM OF VERTEBRATE ZOOLOGY, UC BERKELEY. 


From left to right, white-tailed deer, elk or wapiti, and mule deer. Note the long vomer in the 
deer species, which divides the posterior of the nares into two chambers. MUSEUM OF VERTEBRATE 
ZOOLOGY, UC BERKELEY 78255, 133299,104890. 


Antlers of North American cervids 


White-tailed 
deer 


The cells responsible for antler growth are the fastest-growing cells known 
—faster even than cancer. To give you a better sense of their amazing potential, 
Peterson (1991) reports that moose antlers grow from bump to fully exposed 
bone in 150 days. Antlers may weigh upward of 80 pounds, with the average 
about 50. Some simple math shows that 80-pound antlers would result from an 
average of just over half a pound of growth per day. 

Antlers do offer some offensive and defensive benefits to the wearer. Yet 
they are designed to minimize the chance of injury during conflicts and were 
created for sparring, not spearing, competition. Antlers also visually display the 
health and vigor of males. A moose with a smaller rack would never challenge 
one with larger antlers. One researcher, Anthony Bubenik, put this to the test 
with Alaskan moose. After constructing incredibly large antlers for himself, he 
joined the courting arena. The males quickly backed off, and Bubenik was 
unexpectedly confronted with numerous receptive females (Peterson 1991). 

The size of antlers varies from year to year, and the annual drop ensures 
that the current condition of a male is advertised to the females. Old and 
diseased animals grow less impressive racks and thus lose the opportunity to 
mate. Antler potential lies in a combination of age, health, nutrition (diets high in 
calcium, phosphorus, and protein) and genetics. The greatest antlers, a 
combination of good health and lineage, ensure that the strongest DNA packages 
will be passed on, thus contributing to the continuation of the species overall. 


Mule deer 


As with other aspects of mammalian morphology, there are sometimes 
anomalies in antler growth, such as an extra tine, antlers that point down rather 
than up, or one side being much larger than the other. There are also cases of 
female moose growing small antlers (Bowyer et al. 2003). 

Elk antlers generally have five or more tines, six being most common. Peek 
(2003) provides descriptions of the various elk antler forms: light and spreading 
with branches curved in Tule elk; light and spreading with branches straight in 
Rocky Mountain elk; and heavy and high with short branches in Roosevelt elk. 

Mule deer antlers have a central beam that quickly forks into two, known as 
dichotomous branching, and each successive branch then forks to create a 


greater number of tines. White-tailed deer antlers exhibit single tines that grow 
from a single central beam. 

Moose antlers are the largest of any cervid and are distinctly palmate. Small 
tines develop at the edges of very large dishes. Bowyer et al. (2001) report that 
males in their prime (between seven and eleven years of age in the Alaska 
population they studied) grow the largest and most symmetrical antlers; their 
research supports that both symmetry and size are variables in communicating 
health and vigor to prospective mates. 

Caribou antlers are distinctively slender, with small palmate formations 
toward the tips; an additional lower growth to the anterior is called the shovel. 
The shovel often grows only on the left side and may or may not be present in 
females. Both female and male caribou grow antlers. Males cast their antlers at 
the end of the rut, which is end of fall, and then instantly lose their sex drive and 
return to foraging. Females lose their antlers the following spring, about the 
same time as calving (Miller 2003). 


Elk, Cervus canadensis 


Greatest length: 404.0-525.0 mm (159/10-207/10 in.) (full table of 
measurements page 612, life-size image page 153, life-size jaw page 177) 

Specimen illustrated: Adult female, MVZ 133299 

Dentition: i 0/3 c 1/1 p 3/3 m 3/3, total 34. Upper canines present in both sexes, 
and upper incisors absent. 

Dorsal: Cervids have large, slender skulls, tapering to the anterior, and large 
orbits posterior to the midline of the skull. The rostrum (1) is long, slender, 
and triangular; the premaxillary bones (2) project far to the anterior, with 
large, distinctive incisive foramina (3). Nasals (4) are long and broadest near 
the posterior, tapering to the anterior. Rostral fenestrae (5) are large, and 
distinctive to the family. Orbits (6) are large and protrude to either side of the 
skull. Supraoccipital foramen (7) large and round. The braincase (8) is large, 
rounded, and smooth; temporal ridges (9) are weak and wide apart, and the 
occipital crests (10) are more developed. Zygomatic arches (11) spread less 
than the orbits protrude, and the squamosal arms of the zygomatic arches (12) 
join with the larger mastoid processes (13) to form a shelf. 

Ventral: The palate (14) is long and broad, extending to the posterior to 
terminate within the posterior molar; deep palatal notches (15) are evident to 
either side. Small, rounded canines (16) are evident, but incisors are absent. 
The vomer (17) does not extend to the posterior to divide the nares into two 


chambers. The auditory bullae (18) are very small and less inflated. The 
foramen magnum (19) is medium, and occipital condyles (20) are stout. 
Dentition is sharply cusped. 

Lateral: The dorsolateral outline is dominated by the rostrum (21); the braincase 
(22) is convex, and antlers are present in males. The premaxillaries (23) 
extend well beyond the anterior tips of the nasals (24), and the nasal vacuity 
(25) is large and angled; the premaxillaries are in contact with the nasals (26). 
The lacrimal bone (27) is large and does not make contact with the nasals; the 
lacrimal pit (28) or depression is relatively deep. The orbits are outlined to the 
posterior by a complete postorbital bar (29), and two lacrimal ducts (30) are 
prominent on the anterior rim; the zygomatic arches (31) are thinner but 
strong. The auditory meatus (32) is tiny and elevated. Paraoccipital processes 
(33) are long. 
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Mandible: The mandible is long and slender, tapering toward the anterior, with 
a posterior corner that is the angular process. The coronoid process (34) is 
very high, slender, and very curved to the posterior. The condyle (35) is small 
and strong, and it sits well above the toothrows. The angular process (36) is 
large and rounded, forming the posterior corner. The ventral surface of the 
angular process (37) is below the ventral surface of the body (38) below the 
toothrows, which curve upward beneath the anterior molariform teeth. The 
canine (39) is incisoriform; the diastema is wide. 

Similar species: Caribou, deer, and moose. 

Notes: Males are larger than females. Peek (2003) describes the skull in various 
elk populations: short and broad in Tule elk; intermediate in Rocky Mountain 
elk; and long and slender in Roosevelt elk. Hoffmeister (1986) provides the 
following aging criteria by tooth eruptions in the cranium: M1 is just erupting 
at about seven months old; M2 is partially erupted and premolars show wear at 
about one year; M3 is partially erupted at about two years; M3 is equal in 
height to the other teeth and permanent premolars are in place at about three 
years. Heffelfinger (1997) provides a pictorial presentation of aging using 
molar eruption and wear in the mandibles. 


Mule deer, including black-tailed deer, Odocoileus hemionus 


Greatest length: 228.3-305.5 mm (9-12 in.) (full table of measurements page 
612, life-size image page 144, life-size jaw page 173) 

Specimen illustrated: Adult female, SBMNH 50 

Dentition: i 0/3 c 0/1 p 3/3 m 3/3, total 32. No upper incisors. 

Dorsal: Cervids have large, slender skulls, tapering to the anterior, and large 
orbits posterior to the midline of the skull. The rostrum (1) is long, slender, 
and triangular; the premaxillary bones (2) project far to the anterior, with 
large, distinctive incisive foramina (3); turbinate bones (4) are visible 
projecting out from the large nasal vacuity. Nasals (5) are broad, long, and 
rectangular. Rostral fenestrae (6) are large and distinctive to the family. Orbits 
are large (7) and protrude to either side of the skull. Supraoccipital foramina 
(8) are large and round. The braincase (9) is large, rounded, and smooth; 
temporal ridges are weak. Zygomatic arches (10) spread less than the orbits 
protrude. 

Ventral: The palate (11) is long and broad, extending to the posterior beyond 
the toothrows. There are no teeth at the anterior of the mouth, no incisors or 
canines. The vomer (12) extends to the posterior to divide the nares into two 


chambers. The auditory bullae (13) are smaller and less inflated. The foramen 
magnum (14) is medium, and occipital condyles (15) are stout. Dentition is 


sharply cusped. 


2 VENTRAL 


DORSAL 
3 


14 '5 


28 


LATERAL 


MANDIBLE 


32 31 


Lateral: The dorsolateral outline is dominated by the rostrum (16); the braincase 
(17) is convex, and antlers are present in males. The premaxillaries (18) 
extend well beyond the anterior tips of the nasals (19), and the nasal vacuity 
(20) is large and angled; the premaxillaries do not touch the nasals (21). The 
lacrimal bone (22) is large and does not make contact with the nasals; the 
lacrimal pit (23) or depression is deep, which is the primary means of 
differentiating from white-tailed deer. The orbits are outlined to the posterior 
by a complete postorbital bar (24), and two lacrimal ducts (25) are prominent 
on the anterior rim; the zygomatic arches (26) are strong. The auditory meatus 
(27) is small. 


Note the deep, long lacrimal pit in the mule deer in the foreground, and the much shallower, 
shorter lacrimal pit in the white-tailed deer in the background. SANTA BARBARA MUSEUM OF NATU- 
RAL HISTORY 62; private. 


Mandible: The mandible is long and slender, tapering toward the anterior, with 
a posterior corner that is the angular process. The coronoid process (28) is 
very high, slender, and curved to the posterior. The condyle (29) is small and 
strong, and it sits well above the toothrows. The angular process (30) is large 
and rounded, forming the posterior corner. The ventral surface of the angular 
process (31) is aligned or nearly so with the ventral surface of the body (32) 
below the toothrows. The canine (33) is incisoriform; the diastema is wide. 

Similar species: Elks, deer, and moose. 

Notes: On occasion, small upper incisors have been recorded in animals. Cowan 
(1956) reports that skulls, dentition, and antlers do not reliably differentiate 
between all forms of white-tailed and mule deer (Anderson and Wallmo, 
1984). Mackie et al. (1982) include research on aging using tooth eruption: 
Deciduous incisors and canines erupted by ten days of age. Premolars erupt 
within two to three months. M1 is just visible at two and a half to three months 


and fully erupted by twelve to fourteen months. M2 is just visible at eight 
months and fully erupted at twenty to twenty-three months. M3 emerges at 
fifteen months and is fully erupted at twenty-eight months, when adult 
dentition is complete. Heffelfinger (1997) provides an excellent pictorial guide 
to aging animals by tooth eruption in the mandible. 


White-tailed deer, Odocoileus virginianus 


Greatest length: 216.0-304.5 mm (8°/ı0-12 in.) (full table of measurements 
page 614, life-size image page 144, life-size jaw page 174) 

Specimen illustrated: Adult male, MVZ 78255 

Dentition: i 0/3 c 0/1 p 3/3 m 3/3, total 32. No upper incisors. 

Dorsal: Cervids have large, slender skulls, tapering to the anterior, and large 
orbits posterior to the midline of the skull. The rostrum (1) is long, slender, 
and triangular; the premaxillary bones (2) project far to the anterior, with 
large, distinctive incisive foramina (3); turbinate bones (4) are visible 
projecting out from the large nasal vacuity. Nasals (5) are broad, long, and 
rectangular. Rostral fenestrae (6) are large and distinctive to the family. Orbits 
(7) are large and protrude to either side of the skull. Supraorbital foramina (8) 
are large and round. The braincase (9) is large, rounded, and smooth; temporal 
ridges are weak. Zygomatic arches (10) spread less than the orbits protrude. 

Ventral: The palate (11) is long and broad, extending to the posterior beyond 
the toothrows; palatal notches (12) extend to the midpoint of the posterior 
molar. There are no teeth at the anterior of the mouth, no incisors or canines. 
The vomer (13) extends to the posterior to divide the nares into two chambers. 
The auditory bullae (14) are smaller and less inflated. The foramen magnum 
(15) is medium, and occipital condyles (16) are stout. 

Lateral: The dorsolateral outline is dominated by the rostrum (17); the braincase 
(18) is convex, and antlers (19) are present in males. The premaxillaries (20) 
extend well beyond the anterior tips of the nasals (21), and the nasal vacuity 
(22) is large and angled; the premaxillaries do not touch the nasals (23). The 
lacrimal bone (24) is large and does not make contact with the nasals; the 
lacrimal pit (25) or depression is shallow, which is the characteristic most 
relied on to distinguish from mule deer. The orbits (26) are outlined to the 
posterior by a complete postorbital bar (27), and two lacrimal ducts (28) are 
prominent on the anterior rim; the zygomatic arches (29) are strong. The 
auditory meatus (30) is small. Paraoccipital processes (31) are long. 
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Mandible: The mandible is long and slender, tapering toward the anterior, with 
a posterior corner that is the angular process. The coronoid process (32) is 
very high, slender, and curved to the posterior. The condyle (33) is small and 
strong, and it sits well above the toothrows. The angular process (34) is large 
and rounded, forming the posterior corner. The ventral surface of the angular 
process (35) is aligned or nearly so with the ventral surface of the body (36) 
below the toothrows. The canine (37) is incisoriform; the diastema is wide. 

Similar species: Elks, caribou, and moose. 

Notes: Hesselton and Hesselton (1982) provide the following aging criteria 
using tooth eruption in the lower mandible: Full adult dentition is reached 
between sixteen and eighteen months. At four weeks, incisors and two 
premolars are partially to fully erupted. At ten weeks, the third premolar (P3) 
has erupted. At seven months, the first permanent molar (M1) has erupted. At 
thirteen months, the second molar (M2) has erupted. The third molar (M3) 
erupts soon after the second, but it isn't fully erupted until nineteen months of 
age. Cowan (1956) reports that skulls, dentition, and antlers do not reliably 
differentiate between all forms of white-tailed and mule deer (Anderson and 
Wallmo 1984). Miller et al. (2003) provides a wonderful visual presentation of 
tooth eruption and aging in white-tailed deer. 


Moose, Alces alces 


Greatest length: 540.0-633.0 mm  (215/0—24?/Ao in.) (full table of 
measurements page 614, life-size image page 158, life-size jaw page 178) 

Specimen illustrated: Adult male, MVZ 69929 

Dentition: i 0/3 c 0/1 p 3/3 m 3/3, total 32. Upper incisors are absent. 

Dorsal: Cervids have large, slender skulls, tapering to the anterior, and large 
orbits posterior to the midline of the skull. The rostrum (1) is very long, 
slender, and triangular; the premaxillary bones (2) project far to the anterior, 
with large, distinctive incisive foramina (3); turbinate bones (4) are well 
visible projecting out from the massive nasal vacuity. Nasals (5) are distinctly 
short and broad. Rostral fenestrae (6) are large and distinctive to the family. 
Orbits (7) are large and protrude to either side of the skull. Supraorbital 
foramina (8) are smaller and round, and between them is a significant 
depression (9) in the frontal bones. The braincase (10) is large, rounded, and 
smooth; temporal ridges are weak, though occipital crests are developed, and a 
supraoccipital shield (11) extends from the posterior of the braincase. 

Ventral: The palate (12) is long and broad, terminating at the posterior edge of 


the last molar; palatal notches (13) are shallow. There are no teeth at the 
anterior of the mouth, no incisors or canines. The vomer (14) does not extend 
to the posterior to divide the nares into two chambers. Zygomatic arches (15) 
spread less than the orbits protrude. The auditory bullae (16) are very small 
and less inflated. The foramen magnum (17) is medium, and occipital 
condyles (18) are stout. 

Lateral: The dorsolateral outline is dominated by the rostrum (19); the braincase 
(20) is convex, and antlers (21) are present in males. The premaxillaries (22) 
are enlarged and very long, extending well beyond the anterior tips of the 
nasals (23), and the nasal vacuity (24) is massive and angled; the 
premaxillaries do not touch the nasals (25). The lacrimal bone (26) is large 
and does not make contact with the nasals; the lacrimal pit or depression is 
shallow. The orbits (27) are outlined to the posterior by a complete postorbital 
bar (28), and two lacrimal ducts (29) are prominent on the anterior rim; the 
zygomatic arches (30) are slim but strong. The auditory meatus (31) is tiny. 
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Mandible: The mandible is long and slender, tapering toward the anterior, with 
a posterior corner that is the angular process. The coronoid process (32) is 
very high, slender, and curved to the posterior. The condyle (33) is small and 
strong and it sits well above the toothrows. The angular process (34) is large 
and rounded, forming the posterior corner. The ventral surface of the angular 
process (35) is aligned or nearly so with the ventral surface of the body (36) 
below the toothrows. The canine is incisoriform; the diastema (37) is wide. 

Similar species: Elks, deer, caribou, and horses. 


Caribou, Rangifer tarandus 


Greatest length: 290.0-390.0 mm (114/10-154/10 in.) (full table of 
measurements page 614, life-size image page 151, life-size jaw page 176) 

Specimen illustrated: Adult male, MVZ 125629 

Dentition: i 0/3 c 1/1 p 3/3 m 3/3, total 34. Upper canines are vestigial, and 
upper incisors are absent. 

Dorsal: Cervids have large, slender skulls, tapering to the anterior, and large 
orbits posterior to the midline of the skull. The rostrum (1) is long, slender, 
and triangular; the premaxillary bones (2) project far to the anterior, with 
large, distinctive incisive foramina (3); turbinate bones (4) are visible 
projecting out from the large nasal vacuity. Nasals (6) are broadest toward the 
posterior, constricted at their midpoints (5), and notched at their anterior tips; 
viewed together, the nasals are vase-shaped. Rostral fenestrae (7) are smaller 
and distinctive to the family. Orbits (8) are large and protrude to either side of 
the skull. Supraorbital foramina (9) are large and oval. The braincase (10) is 
large, rounded, and smooth; temporal ridges are weak. Zygomatic arches (11) 
spread less than the orbits protrude. 

Ventral: The palate (12) is long and broad, extending to the posterior beyond 
the toothrows. Small canines (13) are present in the maxillary bone, but upper 
incisors are lacking. The vomer (14) extends to the posterior to divide the 
nares into two chambers. The auditory bullae (15) are very small and less 
inflated. The foramen magnum (16) is medium, and occipital condyles (17) 
are stout. 

Lateral: The dorsolateral outline is dominated by the rostrum (18); the braincase 
(19) is convex, and antlers (35) are present in both sexes. The premaxillaries 
(20) extend well beyond the anterior tips of the nasals (21), and the nasal 
vacuity (22) is large and angled; the premaxillary bones touch the nasals (23). 
The lacrimal bone (24) is large and approaches (25) but does not make contact 


with the nasals; the lacrimal pit or depression is shallow. The orbits are 
outlined to the posterior by a complete postorbital bar (26), and two lacrimal 
ducts (27) are prominent on the anterior rim; the zygomatic arches are strong 
(28). The auditory meatus (29) is small. 
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Mandible: The mandible is long and slender, tapering toward the anterior, with 
a posterior corner that is the angular process. The coronoid process (30) is 
very high, slender, and very curved to the posterior. The condyle (31) is small 
and strong, and it sits well above the toothrows. The angular process (32) is 
large and rounded, forming the posterior corner. The ventral surface of the 
angular process (33) is above the ventral surface of the body (34) below the 
toothrows. The canine (35) is incisoriform, and the incisors are small; the 
diastema is wide. 

Similar species: Elks, deer, and moose. 

Notes: The sex of adult animals can be determined from the length of mandibles 
in a given population (Miller 1982). Miller also provides the following aging 
criteria using tooth eruption patterns: The first permanent molar M1 erupts 
between three and five months of age. Permanent incisors and M2 erupt at ten 
to fifteen months. Permanent premolars and M3 erupt at twenty-two to 
twenty-nine months. Tooth wear is slight until after three years old, and by ten 
years, molars are so worn they might lose some usefulness. 


Family Antilocapridae: Pronghorn 


The pronghorn has distinct horn cores that grow directly above the orbit. In a 
middle ground between cervids and bovids, horn cores are permanent and 
present in both sexes as in bovids, yet the horn sheaths are shed annually as in 
cervids. As opposed to the fingernail-like material which forms bovid horns, 
pronghorn horns are made of compressed hair. 

Doe horns in general don't have prongs and tend to be less than 7 
centimeters long. Males shed horn sheaths in early fall, while females, which are 
more variable in timing, tend to shed sheaths during the summer (Byers 2003). 


An adult male pronghorn, the sole member of this family. MUSEUM OF VERTEBRATE ZOOLOGY, UC 
BERKELEY 44387. 


Pronghorn, Antilocapra americana 


Greatest length: 245.0-298.5 mm (9*%/10-119/10 in.) (full table of measurements 
page 614, life-size image page 143, life-size jaw page 174) 

Specimen illustrated: Adult male, MVZ 44387 

Dentition: i 0/3 c 0/1 p 3/3 m 3/3, total 32. Upper canines and incisors are 


absent. 

Dorsal: Pronghorn have large, slender skulls, tapering to the anterior; large 
orbits posterior to the midline of the skull; and winglike projecting horn cores. 
The rostrum (1) is long, slender, and triangular; the premaxillary bones (2) 
project far to the anterior, with smaller distinctive incisive foramina (3); 
turbinate bones (4) are just visible projecting out from the large nasal vacuity. 
Nasals (5) are very long, slender, and slightly constricted at their midpoints 
(6). Rostral fenestrae (11) are deep and narrow. Orbits (7) are large and 
protrude to either side of the skull. Supraorbital foramina (8) are conspicuous 
and close to base of horn cores. The braincase (9) is large, rounded, and 
smooth; temporal ridges are weak. Occipital crests (10) are developed. 

Ventral: The palate (34) is long and broad, terminating at the posterior edge of 
the last molar. There are no teeth at the anterior of the mouth, no incisors or 
canines. The vomer (12) does not extend to the posterior to divide the nares 
into two chambers. The auditory bullae (13) are small and angular. The 
zygomatic arches (14) do not spread as wide as the orbits. The foramen 
magnum (15) is medium, and occipital condyles are stout. Dentition (16) is 
proportionately smaller than in deer. 
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Lateral: The dorsolateral outline is dominated by the rostrum (19), vertical horn 
cores (17), and convex braincase (18). The premaxillaries (20) extend well 
beyond the anterior tips of the nasals (21), and the nasal vacuity (22) is smaller 
and angled; premaxillaries touch the nasals (24). The lacrimal bone (23) is 
large and does not make contact with the nasals. The orbits are outlined to the 
posterior by a complete postorbital bar (25), and lacrimal ducts (26) are 
prominent on the anterior rim; the zygomatic arches are strong. The horn cores 
(17) rise vertically above the orbits, taper toward the tips, and are slender 
when viewed from the anterior. The auditory meatus (27) is small. 

Mandible: The mandible is long and slender, tapering toward the anterior, with 
a posterior corner that is the angular process. The coronoid process (28) is 
very high, slender, straight, and angled to the posterior. The condyle (29) is 
small and strong, and it sits well above the toothrows. The angular process 
(30) is large and rounded, forming the posterior corner. The ventral surface of 
the angular process (31) is well above the ventral surface of the body (32) 
below the toothrows. The canine (33) is incisoriform and often separated from 
the remaining teeth; the diastema (34) is wide. 

Similar species: Deer, elks, and caribou. 

Notes: Hoffmeister (1986) reports a rather simple method to determine the sex 
of adult specimens: If the interorbital breadth is wider than the zygomatic 
breadth, it is a male; if the opposite is true, it is a female. Byers (2003) 
provides aging up to four years using tooth eruption sequences: At birth, only 
the first deciduous incisor is present. By day forty-four, all deciduous canines, 
incisors, and premolars are present, and M1 is partially erupted. At eighteen to 
twenty months, first permanent incisor and three molars are all erupted. 
During the third year, permanent incisors one and two, and premolars one to 
three are erupted. Between 3.4 and 4 years of age, the last deciduous tooth, the 
canine, is replaced. Heffelfinger (1997) provides an excellent pictorial guide 
to aging animals by tooth eruption in the mandible. 


Family Bovidae: Cattle, antelope, sheep, and goats 

Bovids are perhaps best recognized by their permanent and ever-growing horns 
and horn cores, which come in diverse sizes and forms. Often the frontal region 
or sinuses are enlarged and fortified to support heavy horn structures and protect 
the brain in head-butting contests. The dentition and skull structures of bovids 
support a grazing lifestyle. Their teeth are tall, flat, and high crowned, which 
provides more tooth to wear down over time. Their eyes are farther back on the 


skull, and orbits often protrude outward. Orbits farther to the posterior are 
thought to be characteristic of grazers, which feed when lowering the head; this 
eye placement allows a greater visual awareness of the environment. 

The horns of bovids are ever-growing structures composed of two parts: a 
horny sheath of keratin and horn cores of bone that are permanently attached to 
the skull. Horns may have been an adaptation to help protect the skull, as many 
of the animals that they adorn are born with an instinctive need to butt heads. 
Corneal and frontal sinuses are both expanded to protect the brain. 

As horns are ever-growing, they are a useful gauge in determining relative 
or definite age. Fuller (1959) has compiled several sources that describe the 
changes in buffalo horns with age. In calves, horns project laterally; they 
gradually turn upward in the first several years, and then turn inward in 
subadults and adults. Fuller also refers to the work of Mohr (1949), who writes 
that a feature of fully mature animals is the distinctive *stepped" horn tips; the 
tip of the new horn pierces the old sheath, leaving a ragged and blunted tip. In 
American bison, this occurs between seven and eight years of age and is carried 
into old adulthood. Refer to page 505. 


Select members of the family Bovidae: 1. Bighorn sheep, male 68739 (Ovis canadensis), 2. 
Muskox (Ovibus), 3. Mountain goat, male 4395 (Oreamnos), 4. American bison, male 91037 
(Bos). MUSEUM OF VERTEBRATE ZOOLOGY, UC BERKELEY. 


Cóté et al. (1998) use the circumference at the base of the right horn of 
mountain goats to determine a fairly accurate age class. The change with years 


for both males and females is depicted in the accompanying graph on page 506. 

Bighorn sheep ewes exhibit much smaller horns than adult males, whose 
skulls and horns may account for more than 10 percent of their entire body mass. 
Yet in both sexes, annual horn rings can be a very useful tool in determining the 
age of the animal. Much of the horn growth in ewes occurs in early years; after 
six or seven years, it slows so much that differentiating new horn rings becomes 
very difficult, and thus a less useful means to determine age in old animals. In 
male bighorn sheep (see page 507), growth in the early years is great, and then it 
begins to slow after seven to eight years as well. 


Horn growth in the buffalo bull: 1. Calf. 2. Yearling. 3. 2 years. 4. 3 years. 5. 4 years. 6. 8-9 
years, when the tips first break through the horn layers. 7. Approximately 20 years old, 
stepped tips very apparent. Adapted from Hornaday (2002) and Garretson (1938). 


Horn rings differ from the numerous other ridges and valleys on the surface 
in that they encircle the horns completely and can be detected on the back as 
well as the front. In older animals, it is considered the best strategy to identify 
the third-year growth rings, and then count from there. The first year or two can 
be lost to “brooming.” Characteristic of the third year of growth is a series of 
widely spread horn rings clumped together, as the horns start and stop growing 
several times during this year. Once you identify this cluster of rings, move 
toward the skull to locate the darker, thicker fourth ring. From there, count the 
darker complete rings, each of which represents a year of life. Because horn 
grown slows in mature animals, the distance between years may be considerably 
smaller. Look to Patricia Hansen's illustration on page 507 for a better 
understanding of horn rings and their characteristics. 
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Cóté et al. (1998) created this graph to illustrate the increase and then slight decrease in horn 
circumference in mountain goats as an animal ages. The horizontal axis is age in years. Used 
with permission of J. Mamm. 


A male desert bighorn sheep (Ovis canadensis). SANTA BARBARA MUSEUM OF NATURAL HISTORY 2274. 


7th year 


8th to 10th year 


3rd year 
growth ring 
may be 
prominent 


ч 
1 


] 
Jd. 


Bighorn sheep. Drawing by Patricia Hansen. Used with permission of the artist. 


American bison, Bos bison 


Greatest length: 279.0-604.0 mm (11—238/10 in.) (full table of measurements 
page 616, life-size image page 156, life-size jaw page 177) 

Specimen illustrated: Adult male, MVZ 99970 

Dentition: i 0/3 c 0/1 p 3/3 m 3/3, total 32. 

Dorsal: Bison skulls are very broad and massive, with large, curving horns at 
the posterior. The rostrum (1) is long, broad, and triangular; the premaxillary 
bones (2) project far to the anterior, with large incisive foramina (3). Turbinate 
bones (4) are just visible projecting out from the large nasal vacuity. Nasals 
(5) are broad and triangular, tapering to points at the anterior. Orbits (6) are 
large and protrude to either side of the skull. Supraorbital foramina (7) are 
reduced. The braincase (8) is massive, flattened, and very broad; temporal 


ridges are weak, and horns (9) spread wide. 

Ventral: The palate (10) is long and very broad, extending to the posterior 
beyond the toothrows; two palatal pits (11) are evident. There are no teeth at 
the anterior of the mouth, no incisors or canines. The pterygoid region (12) is 
narrow. The zygomatic arches (13) spread less than the orbits protrude. The 
auditory bullae (14) are small and less inflated. The foramen magnum (15) is 
smaller, and occipital condyles (16) are stout. 

Lateral: The dorsolateral outline is dominated by the very deep rostrum (17), 
convex braincase, and curving horns. The premaxillaries (18) extend well 
beyond the anterior tips of the nasals (19), and the nasal vacuity (20) is very 
large and angled. The premaxillaries (21) do not touch or approach the nasals, 
as they do in domestic cows. The lacrimal bone (22) is large and in contact 
with the nasals (23); there is no lacrimal depression. The orbits are outlined to 
the posterior by a complete postorbital bar (24); the zygomatic arches (25) are 
strong. The horns (26) are circular at the base; curve out, up, and to the 
posterior; and taper to sharp points. The auditory meatus (27) is tiny. 
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Mandible: The mandible is long and slender, tapering toward the anterior, with 
a posterior corner that is the angular process. The coronoid process (28) is 
very high, slender, and curved to the posterior. The condyle (29) is tall and 
strong, and it sits well above the toothrows. The angular process (30) is large 
and rounded, forming the posterior corner. The ventral surface of the mandible 
(31) beneath the anterior molariform teeth curves steeply upward, and the 
ventral surface of the angular process (32) is above the ventral surface of the 
body. The canine (33) is incisoriform; the diastema is wide. 

Similar species: Domestic cattle and musk oxen. Differentiating from domestic 
cattle is described on page 18. 

Notes: Males are much larger and broader than females. Aging by tooth eruption 
is described in chapter 2. Aging by horn growth is illustrated on page 505 and 
described on page 503. 


Mountain goat, Oreamnos americanus 


Greatest length: 267.2-311.0 mm  (10%10-12/10 in.) (full table of 
measurements page 616, life-size image page 147, life-size jaw page 174) 

Specimen illustrated: Adult male, MVZ 4345 

Dentition: i 0/3 c 0/1 p 3/3 m 3/3, total 32. Upper canines and upper incisors 
absent. 

Dorsal: Mountain goat skulls are large and very slender, tapering to the anterior, 
with large, protruding orbits posterior to the midline and slender horns curved 
to the posterior. The rostrum (1) is long, slender, and triangular; the 
premaxillary bones (2) project far to the anterior, with large, narrow incisive 
foramina (3); the tips of the premaxillaries are flattened and broad (4). 
Turbinate bones (5) are visible projecting out from the large nasal vacuity. 
Nasals (6) are broad and long, tapering to the anterior to sharp points. Orbits 
(7) are large and protrude to either side of the skull. Supraorbital foramina (8) 
are reduced. The braincase (9) is large, oval, and smooth; temporal ridges are 
weak. 

Ventral: The palate (10) is long and broad, extending to the posterior beyond 
the toothrows. There are no teeth at the anterior of the mouth, no incisors or 
canines. The pterygoid region (11) is narrow. The auditory bullae (12) are 
smaller and less inflated. The foramen magnum (13) is medium, and occipital 
condyles (14) are stout. The zygomatic arches (15) spread less than the orbits 
protrude. 
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Lateral: The dorsolateral outline is dominated by the rostrum, convex braincase 
(16), and curving horns. The premaxillaries (17) extend well beyond the 
anterior tips of the nasals (18), and the nasal vacuity (19) is very large and 
angled. The premaxillaries do not touch or approach the nasals (20), as they do 
in many domestic goat breeds. The lacrimal bone (21) is large and in contact 
with the nasals; there is no lacrimal depression. The orbits are outlined to the 
posterior by a complete postorbital bar (22); the zygomatic arches are strong. 
The auditory meatus (23) is tiny. The horns (24) curve outward at the base and 
to the posterior, tapering to sharp points, with the tips converging inward; the 
horn cores are straight. 

Mandible: The mandible is long and slender, tapering toward the anterior, with 
a posterior corner that is the angular process. The coronoid process (29) is 
very high, slender, and curved to the posterior. The condyle (25) is small and 
strong, and it sits well above the toothrows. The angular process (26) is large 
and squared, forming the posterior corner. The ventral surface of the mandible 
(27) beneath the anterior molariform teeth curves steeply upward. The canine 
(28) is incisoriform; the diastema is wide. 


Similar species: Domestic goats, mountain and domestic sheep. 

Notes: The nasal bones are slightly concave, which is a character useful in 
differentiating mountain goats from domestic goats. Cóté and Festa-Bianchet 
(2003) describe aging by tooth eruption: Mountain goats are born with 
eighteen milk teeth. They replace i1 at fifteen to sixteen months, i2 at two 
years, i3 at three years, and incisiform canine between four and five years. 
Goats over eight years of age may have missing teeth and exhibit severe tooth 
wear. 


Musk ox, Ovibos moschatus 


Greatest length: 428.5-528.0 mm (169/10-208/10 in.) (full table of 
measurements page 616, life-size image page 155) 

Specimen illustrated: Adult, MVZ 

Dentition: i 0/3 c 0/1 p 3/3 m 3/3, total 32. Upper canines and upper incisors 
absent. 

Dorsal: Musk ox skulls are massive and triangular, with distinctive broad, 
decurved, and tapering horns. The rostrum (1) is long, slender, and triangular; 
the premaxillary bones (2) project far to the anterior, with large, narrow 
incisive foramina (3). Turbinate bones are not visible projecting out from the 
large nasal vacuity. Nasals (4) are broad and long, tapering to sharp points at 
the anterior. Rostral fenestrae are absent. Orbits (5) are large and protrude far 
to either side of the skull, much farther than in bison. Supraorbital foramina 
(6) are reduced. The braincase (7) is large but hidden by the very broad and 
flattened bases of the horns (8). 

Ventral: The palate (9) is long and broad, extending to the posterior just beyond 
the toothrows. There are no teeth at the anterior of the mouth, no incisors or 
canines. The pterygoid region (10) is narrow. The zygomatic arches (11) 
spread less than the orbits protrude. The auditory bullae (12) are smaller and 
less inflated. The foramen magnum (13) is medium, and occipital condyles 
(14) are very stout. 

Lateral: The dorsolateral outline is dominated by the sloping rostrum (15) and 
massive horns. The premaxillaries (16) extend well beyond the anterior tips of 
the nasals (17), and the nasal vacuity (18) is very large and angled. The 
premaxillaries do not touch the nasals (19), as they do in domestic cows; the 
infraorbital foramina (21) are small and well forward on the side of the 
rostrum. The lacrimal bone (20) is large and in contact with the nasals; there is 
no lacrimal depression. The orbits are outlined to the posterior by a complete 


postorbital bar (22); the zygomatic arches are strong. Adult horns (23) and 
horn cores curve down, out, and then up again. The auditory meatus is hidden. 
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Mandible: The mandible is long and slender, strongly tapering toward the 
anterior, with a posterior corner that is the angular process. The coronoid 
process (24) is very high, slender, and curved to the posterior. The condyle 
(25) is small and strong, and it sits well above the toothrows. The angular 
process (26) is large and rounded, forming the posterior corner. The ventral 
surface of the mandible (27) beneath the anterior molariform teeth curves 
steeply upward and forms a distinctive step (28) just posterior to the incisors. 
To the posterior, the angular process is not separated by a step from the body 
of the mandible. The canine (29) is incisoriform; the diastema is wide. 

Similar species: Domestic cattle, yaks, and buffalo. 


Bighorn Sheep, Ovis canadensis 


Greatest length: 237.5-324.0 mm (9*/10-129/10 in.) (full table of measurements 
page 616, life-size image page 148, life-size jaw page 174) 

Specimens illustrated: Adult male, SBMNH 2274; female, MVZ 78265 

Dentition: i 0/3 c 0/1 p 3/3 m 3/3, total 32. Upper canines and upper incisors 
absent. 


Dorsal: Mountain sheep skulls are triangular, with slender rostrums, protruding 
orbits posterior to the midline of the skull, and horns curved to the posterior, 
spiraling in males. The rostrum (1) is long, slender, and triangular, generally 
more slender than in domestic sheep; the premaxillary bones (2) project far to 
the anterior, with large, narrow incisive foramina (3); the tips of the 
premaxillaries are flattened and broad (4). Turbinate bones are not visible 
projecting out from the nasal vacuity. Nasals (5) are broad, with rounded 
anterior edges and sutures that fuse and become indistinct in adult animals; 
nasals are longer than in Dall’s sheep. Orbits (6) are large and protrude to 
either side of the skull. Supraorbital foramina (7) are reduced. The braincase 
(8) is large, rounded, and smooth; temporal ridges are weak. The frontals 
(10)are expanded in males to support the massive horn cores (9); both frontals 
and horns are much smaller in females. 

Ventral: The palate (11) is long and broad, extending to the posterior just 
beyond the anterior edge of the last molar. There are no teeth at the anterior of 
the mouth, no incisors or canines. The pterygoid region (12) is narrow. The 
zygomatic arches (13) spread less than the orbits protrude. The auditory bullae 
(14) are smaller and less inflated. The foramen magnum (15) is small, and 
occipital condyles (16) are stout. Toothrows are convex. 

Lateral: The dorsolateral outline is dominated by the relatively level rostrum 
(17) and curving horns, massive in males. The premaxillaries (18) extend well 
beyond the anterior tips of the nasals (19), and the nasal vacuity (20) is very 
large and angled. The premaxillaries do not touch the nasals (21). The lacrimal 
bone (22) is larger than in domestic sheep and in contact with the nasals; there 
is no lacrimal depression. The infraorbital foramen (23) is low on the side of 
the rostrum. The orbits are outlined to the posterior by a complete postorbital 
bar (24); the zygomatic arches are strong. The horns of males are distinctively 
spiraled, the horn cores (25) curve to the posterior and then down, and the 
ends are blunt. The auditory meatus (26) is tiny. 
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Mandible: The mandible is long and slender, tapering toward the anterior, with 
a posterior corner that is the angular process. The coronoid process (27) is 
very high, slender, and curved to the posterior. The condyle (28) is extended 
and strong, and it sits well above the toothrows. The angular process (29) is 
large and rounded, forming the posterior corner. The ventral surface of the 
mandible beneath the anterior molariform teeth curves steeply upward (30) 
and forms a distinctive step (31) just posterior to the incisors. The canine (32) 
is incisoriform; the diastema is wide. 

Similar species: Dall's and domestic sheep, mountain and domestic goats. 

Notes: Mountain sheep may interbreed with domestic sheep. Krausman and 
Bowyer (2003) write that desert bighorn sheep (O. c. nelsoni) have more 
diverging horns than their northern counterparts. They also provide a visual 
chart to determine age by tooth eruption in bighorn sheep, a method that is 
very accurate up to four years of age. 


Dall’s sheep, Ovis dalli 
Greatest length: 275.0-282.0 mm  (108%10-11%/10 in.) (full table of 


measurements page 616) 

Specimen illustrated: Adult male, MVZ 96105 

Dentition: i 0/3 c 0/1 p 3/3 m 3/3, total 32. Upper canines and upper incisors 
absent. 

Dorsal: Dall’s sheep skulls are triangular, with slender rostrums, protruding 
orbits posterior to the midline of the skull, and horns curved to the posterior, 
spiraling in males. The rostrum (1) is long, slender, and triangular, generally 
more slender than in domestic sheep; the premaxillary bones (2) project far to 
the anterior, with large, narrow incisive foramina (3); the tips of the 
premaxillaries are flattened and broad (4). Turbinate bones are not visible 
projecting out from the nasal vacuity. Nasals (5) are broad, with rounded 
anterior edges and sutures that may fuse and become indistinct in adult 
animals; nasals are shorter than in bighorn sheep. Orbits (6) are large and 
protrude to either side of the skull. Supraorbital foramina (7) are reduced. The 
braincase (8) is large, rounded, and smooth; temporal ridges are weak. The 
frontals (9) are expanded in males to support the massive horn cores; both 
frontals and horns are much smaller in females. 

Ventral: The palate (10) is long and broad, extending to the posterior just 
beyond the anterior edge of the last molar. There are no teeth at the anterior of 
the mouth, no incisors or canines. The pterygoid region (11) is narrow. The 
zygomatic arches (12) spread less than the orbits protrude. The auditory bullae 
(13) are smaller and less inflated. The foramen magnum (14) is small, and 
occipital condyles (15) are stout. Toothrows are convex. 

Lateral: The dorsolateral outline is dominated by the relatively level rostrum 
(16) and curving horns, massive in males. The premaxillaries (17) extend well 
beyond the anterior tips of the nasals (18), and the nasal vacuity (19) is very 
large and angled. The premaxillaries do not touch the nasals (20). The lacrimal 
bone (21) is larger than in domestic sheep and in contact with the nasals; there 
is no lacrimal depression. The infraorbital foramen (22) is low on the side of 
the rostrum. The orbits are outlined to the poststerior by a complete postorbital 
bar (23); the zygomatic arches are strong. The horns (24) of males are 
distinctively spiraled, the horn cores (25) curve to the posterior and then 
down, and the ends are blunt. The auditory meatus (26) is tiny. 
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Dall's sheep 


Mandible: The mandible is long and slender, tapering toward the anterior, with 
a posterior corner that is the angular process. The coronoid process (27) is 
very high, slender, and curved to the posterior. The condyle (28) is extended 
and strong, and it sits well above the toothrows. The angular process (29) is 
large and rounded, forming the posterior corner. The ventral surface of the 
mandible beneath the anterior molariform teeth curves steeply upward (30) 
and may form a distinctive step just posterior to the incisors. The canine is 
incisoriform, missing in this specimen; the diastema is wide. 

Similar species: Bighorn and domestic sheep, mountain and domestic goats. 

Notes: Horn cores are shorter and smaller than in bighorn sheep, and spiraling 
horns splay wider. Mountain sheep may interbreed with domestic sheep. 
Krausman and Bowyer (2003) provide a visual chart to determine age by tooth 
eruption in Dall’s sheep, a method that is very accurate up to four years of age. 


Mammal Species Accounts 


Tables 


Family Didelphidae 
Table in millimeters, Mean and parameters on top. Total number 
of specimens measured and specific number in cited sources below. 


Greatest — Condylobasal Palatal — Postpalatal — Mastoidal Braincase ут — Interorbita! — Postorbital Maxillary — Mandible 
Species Sen length мй length 2 length. Бе breadth һәй breadth constriction юн length 


Common — 0 29H 968 60.14 4028 10.56 11,63 4198 ng 


Opossum, (83,80-116.15) (82.45-14.60) (50.80-70.40) 400-515) — (1450-22,60) (10.30-12.80) (38.85-45.70) (64.50-94.10) 
Didelphis 
marsupialis 
neTotalsample nel? ne ne 02100 02110 110 12 fell 
70 108% 10485 03 56.60 2088 1134 un 80 
(88,15-12835) (88.70-123,10) (52.60-74.80) (460-88.00) (1640-2996) — (1025-1245) — (9970-4840) (70.40-103.25) 
neTotalsample 118 т ne nM. тї 00) 1% nett? 


Virginia Q 101 98.23 59,69 310 345 2187 509% 1952 11,16 419 80 
opossum, (85-1280) (7110-1160) (45.65-70.06) (320-483) (30.42-39.08) (20.95-34.76) (382-6792) (136-287) — (85-1305) 6405-450 (6235-104,75) 
Didelphis 

virginiana 

neTotal sample МЧ о оъ 179 122 nel! 1=178 119 м6 т тШ 1187 
Sources 4122168 (s (AP (O9 41007170) 7407 4170176 


o qn 106.59 6381 416 40.08 3030 93 216 11,00 4440 931 
(850-1458) (8410-13800) (510-7885) (350-519) (318-038) (216-4297) (406-8337) (1575-3015) (941270) — (3559-5190) (6895-116.90 


nzTotal sample 12221 118 12010 na nf 12203 12217 12235 ni nz nz 


Sources PA wy — S 5,1 $619) S271 27208 ém 5620 
Mexican 00 

mouse (299408) — (201-332) — (1620-214) (11,18-12.68) — (1143-43) — (163-218) — (488-604) (МЫ) (110-130) — 205-295) 
Opossum, 

Marmosa 

mexicana 

neTotal sample 1213 neg net] nel nel ne] nel! net nd? net 
Sources A 48 48 їл 48 48 


Хаи, 2=Verts and Carraway (1998), 3=Lowery (1974), A=Alonso-Mejia and Medellín (1992), S=Gardner (1973) 
fs Grinnell tal (1937) 


Family Soricidae 


Table in millimeters, Mean and parameters on top. Total number 
of specimens measured and specific number in cited sources below. 


Greatest Palatal 
Species Sex length length 
Marsh shrew, 0 B45 
Sorex bendiri (245-423) 
nzTotal sample nz 
Ü 25] 
RUN) 


neTotal sample ni 


Palatilar 


length 


Braincase — Maxllary Interorbital Maxillary Mandibular Мий 


length beah юй һәй оон оон length 


11.19 1% 456 545 661 104 
(055-18) — (650-758) (422-514) — (51856) — (605-709) 96-11130) 


1:30 1:30 1:30 1:30 nel} 1:30 


1131 10 45 545 657 10.56 
(1056-12.04) — (645-755) — (996-530) — (51-566 — (610688) — (974-1196) 


п) 30 neil? nz ne! nz 


Family Soricidae continued 


Greatest Palatal bath:  Postpalatal Braincase Моху ио Maxillary Mandibular Mandible 
Species Sex м length юй юй breadth breadth breadth оон оон length 


Cinereus or 9 1655 654 154 417 320 5,70 1n 
masked shrew, (162-1700) — (638-686) (74-19) — 0142) — (288396 655% (7.44-8.05) 
Sorex cinereus 
naTotal sample пад Nah! ned n3' Nah! na’ nab! 
Sources 3e 3," 
0 1633 679 1% 322 161 
(15.03-16.74) (6.50-7.00) (7.56-7.96) (182-152) (6.50-8.30) 
n=Total sample п=6' neh! п=6' Nah! nz 
00 1532* 62 13 423 298 5.63 
(14.6-17.2) (57-66) (6482 (38-455) (26-32) (52-6.1) 
nsTotal sample n2? =151" n=18447 n«198 e156 n=198 
Sources 550%“ 51517,42 A — 5151742" 
Smoky shrew, 00 1) 89 5.24 370 6.70 
Sorex fumeus (184-192 — (1240 (66-94) (48-56) (24-40) (64-68) 
neTotal sample пеў пад! n1647 nz nal nz3l 
Sources D 023 025 5126 
Merriam's shrew, 0 16.62 8.36 5.21 374 59 471 749 
Sorex merriami (15,80-17,5) (825-844) — (504-557) — (3404401) — (544-620) — (469-473) — (105-849) 
naTotal sample n5 na5 Nah [51 nad Na} nA 
Sources 3,1 3" y" EAM 31 a 
0 1581 815 4,98 3.10 580 46) 1% 
(15.33-16.6) (171-856) — (440-527) — (336-41) — (543-613) — (4414475) (6,46-7,60) 
naTotal sample nal n=10 п=10 nel п210 9 nef 
Sources y y 91 9 y, 
00 1569 832 524 
(15.22-16.08) (1.98-8.62) ^ (506-562) 
n=Total sample nell nett nett 
Dwarf shrew, QU ия 138 412 
Sorex nanus (14,09-14,69) (69-25) (394-420) 
neTotal sample n15 nel? n.15 
American water 9 19.87 887 981 579 384 7,09 567 905 
shrew, Sorex palustris (1886-2152) (8.46-9.16) (907-1038) — (531-615) — (357-476) — (654-779) — (519-583) — (853-945) 
n=Total sample ned? п=5' ned? n=22 n=d5 nz nt nit 
Sources 2055 NS 211 PIJA DES HAN 
0 2027 873 10.01 593 405 117 5% 9M 
(19.27-20.96) — (8.24-9.26) (049-105) — (555-635) — (366-188) (673-166) (475-579) — (855-972) 
n=Total sample n=28 nel! nz) neal nz28 nz 17 net? 
Sources 1747 máy a man 174 
00 84 97 592 381 1n 
(12-24 (81-88) (40-109) (54-65) (34-44) (141) 
nzTotal sample na? neg!’ n=90 nz] n=98 n=12 


Sources 280" 370" 395" 39" 


Family Soricidae continued 
Greatest Paltal Райы  Postpalatal Braincase Manllay юй Maxillary Mandibular Мәе 


Species $e length length length length breadth breadth Беа toothrow оом length 
Preble's shrew, 0 14,55 18 389 213 508 401 639 
Sorex preblei (14,31-14,74) 00124) — (0740) — (249-289) — (484-535) — (389416) — (605-664) 
nzTotal sample п: nef? nd nj ne? nd na 
@ 1444 13 401 276 509 3% 622 
(13.17-14.86) (698-3) — (379-421) — (254309) — (472-543) — (271-413) — (565-6175) 
naTotal sample n15? nels! n.15 nals? nels! ns! nel! 
Towbridgesshrew 9 17.22 870 483 369 547 50 1% 
Sorex trowbridgii (16.48-17.95) (61-909) — (463-518) — (354389) (4.19679 — (48-560) — (66-80) 
naTotal sample nz na30} n=30 nz ШЕ 230) 00 
0 17,39 875 485 371 54 500 710 
(16.81-18.05) (8.13-9.02) — (445-502) — (345-396) — (21-647) — (476523) — (12485) 
n=Total sample nz n30' nz) n30 n: n=30! nz 
Vagrant shrew, Q 1635 8.08 465 315 5,88 46 703 
Sorex vagrans (14.93-19,50) (136-969) — (397-599 — (2643) (51266) — (422-521) — (629-881) 
n=Total sample п=401" 12415 12415 12415 nz n ne)!" 
Sources 401"14 ШИШ A017 14 60,14 
0 1646 8.18 469 31 587 46 1.08 
(1546-19.34) (155-941) — (415-581) — (2842) — (529-66) — (27495) — (643-843) 
nzTotal sample 12357" 12369 12310 n=370 nz ahl. 12357" 
Sources 3579108 3" ШИН 61,13 
90 1637 835 471 
(16.38-17.94) (199-865) — (442-50) 
naTotal sample 5555 mess) л 
Northern shorted 9 — 2280 98 165 15 59 80 1140 
shrew, Blarina (22,18-23.29) (9.37-10.18) (11,0-12,04) (54-131) (104-120) 
brevicauda 
naTotal sample nes! Nas! Mb nal! nah nal! n5 
Sources 15! "5 
0 2287 396 12.02 16 563 85 1139 
(22.12-23.58) — (980-1026) (11,3-12,68) (54-585) (11.22-11.68) 
nsTotal sample n5' п ШЕ] nal! п=6 nel? ns 
Sources r5 ns 
90 21,49 16 82 1143 19 553 828 
(169-252) (11487) (14-88) (91-138) (11-85) (47-62) (12-83) 
n=Total sample ШАР 9205 п=75' n=184 n=134 n=209 neds! 
Sources 75,109" 757,109" 25109" — 2579409" 
Least shrew, 0 1654 6% 189 4 390 48 159 
Cryptotis parva (16,14-17.98) (6.76-7.04) (7.41-8.12) 05430 (7.30-8.12) 
m=Total sample 15) ne}! ne] nel! ne] nel! 15) 


Family Soricidae continued 


Species Sex 
Least shrew, @ 
Cryptotis parva 


nzTotal sample 
Sources 


QU 


neTotal sample 
Sources 


Crawford desert shrew, Q 


Notiosorex crawfordi 
nzTotal sample 
n=Total sample 
90 
nzTotal sample 


Teguthor, 2eVerts and Carraway (1998), 3eHoffmester (1986), 4sParadiso (1969), 5=Armstrong (1972), 6sJadon (1961) 
TeLowery (1914), 8eArmstrong and Jones (1972), $sJunge and Hoffman (1981) in Owen (1984), 10: Moncref et al, (1982) 
in George et al (1086) 11=Beneski and Stinson (1987), 12=Carraway (1990) in Gilihan and Foresman (2004), 13eftench 


Greatest 
lengh 


1653 
(15.96-16.85) 


156 


153) 
(142-174) 


12213 
14) 65" 


16.69 
(1588-17.01) 


nz] 


169 
(1603-1760) 


ns 


1583 
(1499-1687) 


nal 


(1980) in Whitaker (2004), 14 Hoffmeister (1989) 
* Mean created from specimens in Hoffmeister (1989) only 


Palatal 
length 


6.26, 683 
na)! 


65 
(4-63) 


Nah‘ 


136 
(1074) 


nes! 


14 
(14-17) 


nz 


ШО 
length 


6,00 
6.149) 


n=148 


Postpalatal 


124 
(64-78) 


neg 


Braincase 
breadth 
18 
(114.40) 


nz] 
107 


16 
(67-915) 


12219 
И 
82 
(78-85) 
№5 


865 
(4-88) 


nz 


836 
(4686) 


119 


nel’ 


515 
(48-541) 


020 
6695 
520 
(41-55) 
ns 


535 
(5354) 


na]! 


5,00 
(65531) 


[И 


Interorbita 
breadth 


382 
(3.56-4.16) 


fe) 
M 


30 
(32-49) 


12154 
DAE 
38! 
0641) 
nes! 


404 
(404,1) 


ne]! 


Malay 
оон 


54 
nel’ 


58 
(532615) 


nz? 
$5 

6,16 
(60-63) 

[51 


64 
64) 


na]! 


Mandibular — Mandible 
toothrow length 


154 
(599-130) 


nah! 


116 
12984) 


nz 


194 
(4683) 


ned 


Family Talpidae 
Table in millimeters, Mean and parameters on top, Total number 
of specimens measured and specific number in cited sources below. 


Greatest Palatal Мий  Postpalatal Maxillary — Mastoidal 
Species Sex length юй length length breadth breadth 


American 0 — 29) 1030 943 58 10.26 
shrewmole, (2069-2380) (92-46) 6556) — (86-106) 
Neurotrichus 
gii 
neTotal sample n3] nel! nel? neil! n? 
Sources y 
Y 22 90,951 957 588 1056 
(068-242) (1-104) 54) (10.1-11.1) 
nzTotal sample nad) ned nel nay nel 
Sources 10,19 
90 an 
(211-223) 


neTotalsample 225" 


Braincase 
breadth 


10.16 
(951-1075) 


nel 
y 


1015 
(956-1042) 


1:32 
y 
99 
(1-104) 


nz" 


Interorbital 
breadth 


52 
(493-585) 


1:39 
yr 


528 
(100-57) 


50 
31,19 


51 
(953) 


nz" 


Maxillary 
toothrow 


181 
(69-825) 


1237 
307 


15 
(69-835) 


nal 
31) 


97 
(05-104) 


1225" 


Mandible 
length 


19) 
(12.82-15.98) 


n=32 
392 


1375 
(1263-1452) 


1:32 
y 


Family Talpidae continued 


Greatest Palatal Райа  Postpalatal Manllay МИЫ Braincase Zygomatic Interorbital Manllay Mandible 
Species Sm length юй мй мй beadh brach breadth reath beadh шн length 


Broadfooted Q 34,16 1439 1345 1045 1636 165 13.07 1.63 11.02 20 
mole, Scapanus —— (310-366) — (1372-1491) — (122-145) (109-11,06) — (15.1-172) — (1566-1291) (12.65-13.39) — (11-823) — (99-1200) 0022-234) 
latimanus 
n=Total sample n34 nett) n=16' nz n=16' n=18 nas) ШЕ 1224 n=18 
Sources 8110/16 810 99,1 8,1 810! 
0 ИЛ 1443 1330 1031 1632 16.56 1236 15 1091 15 
0046383). (1.121534) (121-147) (173-103) — (150-178) (15.02-17.93) (12301562) — (69-816) — (88-1209) (19.68-22.02) 
nzTotal sample nz) m8! nz? nel?! nz?! n=20 ne]! 1253 1245 n=20 
Sources 1218/37 128 1218/33 13» 12% 
Townsends 0 443 17.67 11,62 1991 19,66 861 1399 14 
mole, Scapanus (39.46-44) (16.9-18.1) (11.21-12.44) — (193-204) — (18:9-20.15) (18592) — (133-M96) — (26.39-29.1) 
townsendii 
naTotal sample nz na17 na] nal?’ na]? nz nad nal? 
Sources ШШ mi ma 
© 40% 16.18 11,84 2084 19.83 863 14.15 28,04 
(9.66446) (114-184) (0.021273) — (000-218) — (1905-2055) (163-5) — (135-1520) (27.11-29.68) 
n=Total sample 1247 n=17 n=! nel?! nea? ned] ned) nz 
Sources ym ym 3017 
науа 9 — 3126 1335 122 143 14,37 11.60 712 96 22 
mole, Parascalops (30.27-32.39) (12.96-13.64) (14,18-14,82) — (1125-1186) 6 94.7 20 (19.20-20.93) 
breweri 
n=Total sample n m5 nel! nal! ns! п! neh nel! nes) 
Sources y 5 
0 126 145 13 99 21.04 
(33,5-35,2) (12,1-13,1) (139-15.0) (11-75) (92-102) (20.26-21.62) 
naTotal sample nett n10' nei’ n10' n10' n5' 
Eastern mole, 9 — 335) 1545 13.43 1421 17,54 14.25 148 11,75 24 
Scalopus (29.3-40.9) (1405-1644) — (120-147) — (124-165) (154-21) (13.63-14.80) — (67-86) — (92-175) (19.54-21.64) 
aquaticus 
n=Total sample n=105 i) 1:68 139 n=105 025 п=104 п=104 ns}! 
Sources %%, 14/2133 1425 1434214 Wy, wan, 
7 3327" 73 P 733526" 1,33 46" 
0 MR 15,14 1421 14,76 18,14 14,54 161 12.07 2077 
(300-408) (1405-1638) — (124-170) — (123-163) (160-216) (14001524) — (65-97) 096-181) — (1939-212) 
n=Total sample n=161 п! п=123 1256 n=161 п=5 n=161 n=161 nes! 
Sources 2752! aas wa 305%, Bsa 352, 
193)" 3)" 193)" N. 
Starnosed — 0 u 14,14 133 134 13.32 984 648 n5 133 
mole, Coches (3288-350) (13.80-14.60) (1266-1388) — (841-1008) — (610-73) (20.76-21.90) 
cristata 
n=Total sample п=6 025 nel’ nal} п25 nad! п=6 nal! п25 


Sources 5 5 


Family Talpidae continued 


Greatest Palatal  Palatilar Postpalatal Maxillary 
Species Sex length length юй length breadth 


Sad 0 M17 14,26 1305 


mole, Condylura — (33-352) (1986-1066) (127-136) 
cristata 
naTotal sample nz n [:\ў 
Sources 5,19 

00 3% 137 

0212352) (134-4) 

neTotalsample — — nz? 1222 
Sources Nn 


Veauthor, 2eVerts and Carraway (1998) 3eLowery (1974), AsParadiso (1968), 5sJackson (1915), GeArmstrong (1972), 
TsJadkson (1961), Bs Vates and Schmidley (1978), =Peterson and Yates (1980), 10=Dalguest and Burgner (1941) In 
Carraway and Verts (1991), 11sHoffmeister(1989) 


Mastoidal 
breadth 


1235 
(126-140) 


119 


13.08 
(127-142) 


122447 
nni 


Braincase 


Zygomatic 


Interorbital 


breadth breadth Шей 


126] 


(134-1409) — (835-1052) 


ns 


yn 


ns 


69 
(604-14) 


1220 

5115 

689 
(66-72) 


11224 
nni 


Maxillary 
toothrow 


11.19 
(106-115) 


nal) 


106 
10-110) 


1222 


Mandible 
length 


na 
(1951-216) 


[5] 


Families Mormoopidae, Phyllostomidae, and Molossidae 


Table in millimeters. Mean and parameters on top. Total number of specimens measured and specific 
number in cited sources below, 


Greatest — Condylobasal Palatal Мт 


Species Sex length length length breadth C-C 
Ghost faced bat, Q 152 886 
Mormoops megalophylla (14.84-15.63) (8.58-9.12) 
neTotal sample ned nd 
Sources 18 
0 153 8% 
(1502-1547) (832-922) 
m=Total sample nel 16 
Sources 16 
California leaf-nosed bat, Q — 2288 10.11 30 
Macrotus californicus (239-235) (958-1049) — 02235) 
neTotal sample nett n3 10 
Sources 108 
0 239 10.19 354 
(22.60-23.85) 0514) — (4536) 
naTotal sample zl nij nell? 
Sources 108 
Mexican longtongued bat, 298 13 405 
Choeronycteris mexicana (28,55-306) (1746-1850) — (395-415) 
neTotal sample net) ne net? 
Sources 16 


Mastoidal 
breadth 


851 
(827-800) 


ned 


866 
(41-40) 


n6 


98 
(05-1015) 


110 


1003 
(075-104) 


nal} 


437 
(88-10.28) 


1:19 
1 


Braincase 
breadth 


8n 
(49924) 


ns 


88 


(156-9.18) 


ns 


Zygomatic 
breadth 


95] 
(037-90) 


ned 
rg 


96 
(95-980) 


ne] 
M) 
11,06 
(108-115) 
010 


n3) 
ШЖ 


11) 


Interorbitl 
breadth 


548 
(5.28-5.59) 


ned 


548 
(539555) 


nah! 


3) 
2-35) 


nel? 


4) 
0355) 


nal 


385 
Q6) 


п218 
15 


Maxillary 
toothrow 


89 


nal! 


90 


nal! 


Mandible 
length 


1269 
(12.06-13.06) 
measured to 

angular process 


п: 


(1180-129) 
measured to 
angular process 


15 


un 
(14.50-15.06) 


nz 


un 
(14.43-15.08) 


nz! 


2151 
(082-2204 


nsi 


Families Mormoopidae, Phyllostomidae, 
and Molossidae continued 


Greatest — Condylobasal Palatal — — Rostrum Mastoidal Braincase Zygomatic — interorbital Мин — Mandible 


Species Sex length юй length breadth CC breadth breadth breadth breadth оон length 
Mexican long-tongued bat, 0 2993 1050 415 1001 3% 2185 
Choeronycteris mexicana (9,343140) (19-92) — (3943) (02-1048) (37-420) (1222240) 
nzTotal sample 1213 nz ned! 113 nal} nz 
Sources (y 19 09 
00 
(92-304) (080-299) (116-180) 09-05) — (4-10) 064) — (693 
neTotal sample z1} net) nel}? nel} net) nel? net? 
Southern long-nosed dt, — 267] un 439 10.44 1051 10 118) 
Leptonycteriscurasoae (057-073) (1400-1530) — 41455) (100-104) (1025-109) — (441) (17.36-18.64) 
naTotalsample nel? nell net nel?! zh nel?! net 
Y  N8 1483 10.79 18 48 1784 
(26.14-27.19) ДЕ (1039-112) (046-1129) — (448-5.14) (1680-1858) 
neTotal sample 110 [| nel! nel! net 1210 
Hainrlegged vampire bat, Q 23] 64 19 1252 6H 1350 
Diphylla ecaudata (21.64-22.80) (625-667) (1184-1220) (1229-120) — (646-729) (13.12-13.80) 
neTotal sample ne nd Lj ned 8 ß 
o nm 68 1220 1215 6% 1383 
(222-330) (620-724) (084-1245) (12.14-13.06) — (660-10) (1330-1439) 
n=Total sample 16 15) nah! neh) 16 15) 
Western bonneted bat, O — 3 1280 1527 1176 50 1253 155 
Eumops perotis (29.7-32.00) (11.95-13.41) (15.04-15.50) (13 183) — (48553) — (122-1285) — 0195-232) 
n=Total sample hell 15) nel 1210 nell nj ns 
Sources 55 52 55 55 
0 — 38 1315 154 1803 512 1245/1255 2308 
(31.02-33.00) (1220-1417) (1494-1520) (05-85) — (47-540) (2220-2396) 
neTotal sample nel nd nell n=10 nell nel n3 
Sources py 4 82 82 


Хариу, 2eHoffmeister (1986), 3e8aker (1956) In Artoyo-Cabrales et al, (1987) A=Hal and Kelson (1959) 


Family Vespertilionidae, genus Myotis 


Table in millimeters, Mean and parameters on top, Total number 
of specimens measured and specific number іп cited sources below. 


Greatest — Condylobasal — Postpalatal уут МИ Braincase  Interorbital — Rostrum  Maxilary — Skull. Mandible 
Species Sen length length юй breadth breadth breadth breadth width CC оон depth length 


Califonia —Q ВМ 1333 19 586 651 324 9.08 

myotis, Myotis (1290-1364) (1251-1414) (693-86) — (54-118) — (611-684) — (301-349) (855-986) 

californicus 

neTotal sample fell) 130 nei nel 13 13 130 
o Дд 13.14 185 685 64 329 999 


(12,78-1431) (1256-132) (283) — (63922) — (616566) — 0031) (8.28-9.49) 
neTotal sample 110 1.39 139 139 139 1:39 ny 


Family Vespertilionidae, genus Myotis continued 


Greatest — Condylobasal — Postpalatal Zygomatic — Mastoidal Braincase  Interorbital Rostrum — Malay Skull Mandible 
Species Sex юй мй мй breadth brach breadth breadth масс toothrow depth dengih 


California — QU 1336 6% 8.06 68 623 299 319 510 45 
myotis, Myotis (123-42) (652-150) — (15-855) — (66-127) — (596-667 — (44-33) (033) (4854) — (414491) 
californicus 
naTotal sample 0255 ns! п=55 п255' п=55 205 n55' п255 п255 
Western small- Q 1347 81) 683 653 315 92 
footed myotis, (13.07-13.94) (18-449) (651-717) (63-676) — (30433) (894-974) 
Myotis ciliolabrum 
naTotal sample nel) n.10' nat) nat nat) net 
0 1349 817 68 659 321 929 
(13.16-13.77) 1944) (67169) (640-680) — (315327) (9.18-9.48) 
nsTotal sample nd! nd nal! nad! nal! nod! 
Long-eared 9 152 1546 901 1,63 135 377 59 10.75 
myotls, Myotis (14.3-16.49) (881-95) — (678-293) — (696-285) — (305-44) (10.56-11.25) 
evotis 
n=Total sample nel n246 nad 1546 nad) n246 nal! nad! 
Sources 45, 45,1 451 AS Y 
Y 5% 1543 905 16 138 378 5% 10.71 
(15-157) — (M44-16.18) (10-95) — (116-803) — (689-763) — (356398) (5.9-6.0) (10.14-11.24) 
naTotal sample nad! nad nel? nad п245 1249 natt neds! 
Sources 45) 4° 452 453 454 
QU 1667 825 976 810 74) 380 39 6,58 539 
(16,1-17,1) (81-843) (933-1023 — (791-836) — (1162272) (371-394) (36742) (626686) (517-555) 
n=Total sample nai? n=l?! nel! nalt net? nel?! nel! nel?! net?! 
Eastern small Q 141,144 132136 92,86 68,72 32,32 52,56 
footed myotis, 
Myotis eib 
nsTotal sample nz! ned! ned! ned! ned! ned! 
o ng 12.90 830 6.82 320 535 
(135-142) — (124-133) (085 (67-70) (31-34) (52-54) 
nsTotal sample nad nad! nad! ned! па! nat 
QU ищ 14 88) 13 66 32 366 560 4n 
(135-147) (682-161) — (847-93) — (697-157) — (641-205) — (304-345) — (349-38) — (543-581) — (435-491) 
«Total sample n220' п220 ned? n=20' 1220 1220 1220 n=20' nad’ 
Little brown Q — 14,73 1416 8.88 161 1.09 39) 566 982 
bat or myotis, (138-156) — (132-151) (401-103) — (69586) — (659-761) (936-47) (53-62) (917-1047) 
Myotis lucifugus 
neTotal sample nM n=108 n=108 n=108 п] n=108 nei! ned! 
Sources 34,10! Way Wa Wa 134 
o 1423 14.10 8.63 741 707 383 971 
(13.74-14.71) (13.43-14.75) (7.99-9.12) (695-283) — (664749) — (145-410) (892-1026) 


naTotal sample n=10' n50 n56' ahh n256' n56' 1:56 


Family Vespertilionidae, genus Myotis continued 


Greatest — Condylobasal — Postpalatal Zygomatic — Mastoidal Braincase — Interorbital — Rostrum Maxillary Skull Mandible 
Species ж length length length — breadth — breadth breadth breadth мй toothrow depth length 


Little brown QO 1452 8,9 19 15 407 51 
bat or myotis, (137-152) (80-95) (040 03708 BM3) 50-52) 
Myotis lucifugus 
neTotal sample nal? 4? 214% n20' пад) ns nz?" 
Sources 7,20 120° 7,20 
Fringed 0 155 1554 950 191 19 3N 60 11,02 
myotis, Myotis (48-1642) (015-99) (4) — (129-2121) — (383-407) (10.62-11.31) 
thysanodes 
naTotal sample nal! 4 [x] ná m3 nad nal! m3 
Sources EA y" yr LAN 
0 16.06 959 184 165 388 11,23 
(15.15-16.7) (221-100) — (125-835) — (218-808) — (364-403) (10.71-11.60) 
nzTotal sample ned! n9 neg! n9 ШЕ пеў 
00 1683 841 10,40 8,32 19 407 427 655 568 
(162-1735) (61-866) — (99-1091) — (18287) — (69-847) — (37144) — 397454) — (622-678) (528-60) 
n=Total sample nas nas nas na na na na! nas nay 
Cave myotis, QU 1641 804 1040 834 1.49 3,90 475 6.60 6.03 
Myotis velifer (158-170) (176-832) (10.04-10.83) — (798-80) — (12-172) — (364-409) — (446495) — (641-686) — (57-633) 
nzTotal sample nz2f nz2 nz nz24 п224 nad! nz24 nz24 nad? 
Longlegged Q — 2 1413 869 1% 12 39 541 99 
myotis, Myotis (14,6-15.0) (13.66-14.63) (198-91) — (122-81) — (682-258) — (317142) (53-55) (98.26-10.37) 
volans 
nsTotal sample nz ned] nA] ned? 1238) ned? ns 138) 
Sources 399 »»» 39 39 
o 14.48 1399 875 765 718 398 540 983 
(14,3-14,7) — (1354-1449) (8.0-9,1) (12-198) — (675-25) — (366-425) (53-55) (011-1056) 
n=Total sample п n=44 n=44 пе na) n=44 ns n=38' 
Sources EJ 38 36 388 
0 мз 1% 855 788 74 400 38 547 549 
(13.95-14.85) (151-84) — (84-945) — (1582) — (105-268) — (38243) — (364-40) — (532-559) — (517-592) 
nsTotal sample теў}! ned}? na 1523 ned}? ned}! 23 пад}! па}! 
Yuma myotis, Q 146,146 13,90 834 124 690 380 55,56 955 
Myotis (13.37-14.38) (192-906) — (696-28) — (657-131) 6.594% (9.07-10.06) 
yumanensis 
nzTotal sample nz? nz51 nz51 nal n4 n=51 nz? nAg 
Sources 492 9? 492 9? 
0 M6 1385 831 13 689 381 56 949 
(132-1489) (7.66-9.12) — (696-789) — (661-248) — (358411) (001-1035) 
naTotal sample nat n32 n32 nz n31 ШЕ nal! n31 
Sources an, EU EA 311! 
QU 1401 719 832 12 1.03 3.67 357 5.36 523 
(134-1455) (686-742) — (195-87) — (693-253) (66110) (345-386) — (337379) (517-573) — (499-551) 
nzTotal sample =! п=28' nz п=28' n=28 n=28 n=28? n28 [23 


Taguthor, 2Hoffmeister (1986), 3aVerts and Carraway (1998), 4=Paradiso (1969), SeLowery (1974), GxArmstrong (1972), 
Talackson (1961), BaHoffmeister (1989) 


Family Vespertilionidae, genera Lasiurus, Pipistrellus, 


Eptesicus, and Antrozous 
Table in millimeters. Mean and parameters on top. Total number of specimens measured 
and specific number in cited sources below, 
Greatest — Condylobasal — Postpalatal — Mastoidl Braincase Zygomatic Interorbital Maxillary Mandible 
Species Sex length length length breadth breadth breadth breadth toothrow length 
Eastern red bat, 0 13.04 12.95 53 19 1n 979 43 447 
Lasiurus borealis (24437) — (120-138) — 49-60 — (17-81) (1-83) (93-105) (40-46) (08-54) 
n=Total sample nz] п253 п: п n5) п25] 025) ne5] 
Sources 43 3,50 3,50 43,50 3,50 43,9) 
@ 12.98 1221 50 Mn 14 907 42 420 
(123-139) — (119-139) — (47-54) (71-13) (68-82) (84-103) (40-45) (40-46) 
n=Total sample (5) nl na9 na} ne3l ne nz 1:34 
Sources 32 209 2,20 32,29 32,29 32, 
Hoary bat, 0 1787 1756 1037 9.46 1252 519 $2 13,24 
Lasiurus cinereus (1690-19.0) (17.82-17.88) (9,96-10,76) (874-1007) (12.30-13.18) (48-548) (12.12-13.86) 
nsTotal sample nz] nz! ned n=) n=10 n=10 nel! п=6 
Sources 113,3 333 333 313! 3133 33 
@ 1732 16.58 10,07 9n 123 52 5.96 1271 
(161-180) — (156-1766) (97-105) (9.00-10.08) (114-1270) (480-55) (57-63) (12.15-13.16) 
nzTotal sample n=38 nad n54 nz) n55 155 nz3 n20 
Sources ШИЕ 1728 9,4728 m3 9,128 97,128 9108 13 
00 168 12 96 121 52 57 
( (69-78) (61-101) (116-128) (50-57) (54-63) 
nsTotal sample nal? fet? nal 12 nal nel?! 
Western pipistrelle, 0 11.52 11.88 635 623 155 18 405 8.04 
Pipistrellus hesperus (109-120) — (109-1240) (5.90-6.70) (6.02-6.46) (7.28-7.95) (185-363) 680-4095 (1.62-8.30) 
n=Total sample п231 п=17 n=46 n19 n19 n=46 31 n=15 
Sources 92 152 2915/2! 29,452 92 
0 1% 11,72 619 6.08 131 3,09 3.94 184 
(1035-118) — (010-1225) (545-644) (5846,33) (682-757) (480-341) (16542) (1398.15) 
n=Total sample п=3) [SE n=44 п=12 n=13 nad ШЕ nel?! 
Sources v 121 APAN 121 3121 ELA 
Eastern pipistrelle, 00 1272 44 08 1% 35 415 
Pipistrellus subflavus (122-135) (43-48) (65-12) 1143) (32:33) 0544) 
nsTotal sample ned 1333 n3 n243 nad ned} 
Sources 10139 10139 10133 10133 
Big brown bat, 0 18.52 18.95 99 951 12.70 428 6.96 1416 
Eptesicus fuscus (180-197) — (123-204) (05-10%) (848-1022) (114-1369) (287-467) (655-74) (1332-467) 
n=Total sample n=23 nz36 U 108 ned] nA] 101 n=28 
Sources Maa 26,10 120,0 262" 112610 11126,10 110 6/2 
0 1631 18,74 970 94 1225 4,36 69 13.69 
(173-190) — (16.9-20.13) (902-103) (826-92) (10.7-13.18) (18-54) (6615) — (1282-1491) 
neTotal sample 119 n33 1241 1:35 nA) 247 014 035 
Sources nas yy 1130 05 11306 11306 m3 30,50 


Family Vespertilionidae, genera Lasiurus, Pipistrellus, 
Eptesicus, and Antrozous continued 


Greatest Condylobasal — Postpalatal  Mastoldal Braincase Zygomatic Interorbital Maxillary Mandible 


Species Sex length length length breadth breadth breadth breadth toothrow length 
Big brown bat, Q0 1846 65 93 1265 428 1.03 
Eptesicus fuscus (15,1-23.0) (62-7) (08-106) (11,1-14,2) (39-48) (6.5-9.8) 
naTotal sample пе)" nz nz age x ШУП ШШ 
Sources 15,9 1019 159 159 
Pallid bat, 9 20.66 21.43 10,14 965 1265 423 6.96 1487 
Antrozous pallidus (1925-2332) — (19.122773) (9.45-11,04) (9,11-10,56) (11,6-14,06) (3.55-4.77) (6.4-7.5) (13.75-16.60) 
naTotal sample n16 na ШЕ пг п=36 п37 1:13 n24 
Sources 175 192 11219,25 195 ШҮ ШУ 112 19,5 

0 2038 214 10,19 9.62 12.61 42 69 1453 

(18.7-23,16) — (20.16-22.72) (82-104) (903-1040) (11.61-13.72) (37-480) (65-13) (13.66-16.30) 

n=Total sample n=14 230 әд n233 1144 nad nal! 1:33 
Sources 13 11903 03 11303 1303 303 


author, 2eHoffmester (1986), 3«Verts and Carraway (1998), 4eParadiso (1969), SwLowory (1974), 6eArmitrong (1972), 
TaJackson (1961), BaKurta and Baker (1990), 9«Hoffmeister (1989) 


Order Primates 


Table in millimeters, Mean and parameters on top, Total number 
of specimens measured and specific number in cited sources below. 


— m — — . — 
Mantled howler monkey, Aloutta palliata 0 113,15 72,63 10.85 50,54 823 
(108.69-119,12) (71.36-74.16) (10.12-12.16) (48.71-52.36) (80.46-88.20) 
neTotal sample пе3 пә! пә}! пә! ne}! 
0 12546 82.50 12.11 5235 97.03 
(118.18-13246) (80.67-83.86) (11.61-12.48) (51.36-53.73) (89,16-104,06) 
nzTotal sample пг}! nz пг}! пг}! пг}! 
ТҮ 
Family Dasypodidae 


Table in millimeters. Mean and parameters on top, Total number 
of specimens measured and specific number in cited sources below, 


Greatest Palatal  Palatilar  Postpalatal урт — Interorbital Braincase — Mastoidol Maxillary Mandibular — Mandible 
Species шй length length length breadth breadth breadth breadth — toothrow оон length 


Nine-banded QU — 9854 63.16 625 15.1 3997 23,60 30.76 26,02 2532 26.18 463 


armadillo, (86.10-107,26) (60.04-65.98) (595-659 — (M.1-164) (33.20-45.10) (21.30-26.10) (294-3200) (24.52-28.30) (20.80-28.28) 02.34-29.18) (71.58-79.20) 
Dasypus 

novemcinctus 

n=Total sample n=604? nz! п: п: n=50 nz es! nad! [5 n=63 na! 


Sources 8 9,43 848 9.4 8155 
1wauthor, 2eLowery (1974), 3«Hall (1981), AnStang! et al. (1995) 


Families Ochotonidae and Leporidae 


Table in millimeters. Mean and parameters on top. Total number 
of specimens measured and specifie number In cited sources below. 


ub Mandibular 
Greatest юн bid Nasal Parietal Braincase Zygomatic Мнн МЫ ee Mandibular Postorbital Mandible м 
в ж мй length юй мй breadth breadth breadth breadth length оон toothow breath мй depth 


American pika, 9 44 33 221 1398 19 19,13 13 548 1033 $4 8.18 31.56 54 
Ochotona princeps — (0135-458) (31.54-40.88) (16-35) (1266-158) (659-117). (157-2058) — (00.4-22/) (49-62) — (028-1229). (7,67-9,40) (106-94) (2103-421): (494-619) 
ШИ sample fiM nar al! nl had?! 124) 11240 nal! fied)! nz 4 na) ed?! 
Sources 13 y yw 13 yy ШИ 
О 481 35 224 1410 833 1914 231 538 10.36 ш 8.19 34 556 
(4016462) (004) (1,7-3,2) (11.83-15.56) (627-1264) (158-2128) — (195-224) (49-59) (889-1217) (7,17-9,24) (1008.80) (2582-3463) (4.65-6.17) 
neTotal sample edd 1:62! nett 180 afd! 1:29 nei nel тё! 060! пб п8 n 
Sources 186 62,18 gu 06 Du 06 
QU 86 135 173 15 53 110 83 
(285413) (119.155) (159-185) — (9523!) 42465) BONS (74-00) 
dene b. nis miS! mt 05" тй ns" 
Pygmy rabbit, Q 5076 4324 40 18,59 164 107 7104 1135 99 908 95 36.38 14 
Brachylagus 4758-5187) (3715-5024) — (35-46) (16.18-21.14) (15.21-18.02) (1858-2359) (248-2895) (037-1285) (194-902) (133-482) (89-105) (3148-4039) (6.04-8.15) 
di 
naTotal sample hel) heil nad)" nal 122 ne) m3l ned? nal mo m" тї o nm 
Sources 29" P n Ш 29" 29" 
v 5037 4450 41 1850 17.09 21.12 28 1151 9.18 901 92 3689 1,14 
(46,34-52.24) (069-4829) (3346) (15.41-20.11) (15.49-18.84) (1905-234) — (0541-2849) (035-1291). (844-976) (138-102) (85-95). (33.22-39.77) (645-823) 
Total sample її n3 ж n3 т n3 n% m3 — n3 т — m) т т 
Sources x EU 305" 306" 30 
Swamprabbi, QU — 85 68) 170 34 21.64 4113 200 16.18 6,11 
И Т (07-996) (609-23) (122-182) (225408) (45305) — (911498). (115-297) (22448) (47-6045) 
aquaticus 
пела sample м0 n! n тї nal м м 16 n 
Sours up o m war 
Desert cottontall, Q — 64 5285 504 2980 2263 WR 555 1297 "o — «5 
Syhilagus (6160-41) 94-553) (52-59) — (265-339) (13289 — (18367) (530584) (118-143) (89-118) 4720-520) 
audubonii 
naTotal sample nad? 1229" fll Ned 1927" пә nad Ned A 
Sources 1210 1233" gc 1232 1233" v" 
70 #01 52.62 558 1987 2255 MB 9361350 1271 "ng 4640 
(6107-292) (48,1-55.67) (4564) — (267-318) (210-236) — (0214359 (0.74136) (104-134) (43.24-52.36) 
naTotal sample nd м) мб nad n" [EH na nad má — nM 
Sources Yay 1233" v 12,31" 13 1233" 
QC 68 28.53 2559 33 1283 1261 10.61 
(615-90) (26.65-30.15) (430-0695) (30.80-35.15) (1205-1355) (1140-1355) (050-120) 
velot sample м) м) м) м) м) м) nat 
Brush rabbi, Q — QU 5, 516 mnn 15 2188 3165 10.10 1263 1323 1051 51.08 98) 
Splvilagus (58.20-65.20) (44.5-61.37) (37-66) (23,4-30,1) (15.54-21.38) (1962509) — (279-3387) (195-1165) (102-1485) (1228-1432). (82-125). (48.69-54.56) (8.91-11.16) 
bachmani 
naTotal sample nel) ШЕ nab" 1:96 30 ШЕ ШЕ na} nd] m3! — m6 — n3 т 
Sources E 3066" 30/63" wg 3051 


Families Ochotonidae and Leporidae continued 


Palatal Mandibular 
Greatest юш bridge Nasal Parietal М Zygomatic intento! Bula Madlary Mandibular Postorbital Mandible п 
киы ж lengh юй мй lengh breadth breadth breadth beath length оон юн breath length depth 


Brush rabbit, — C 6114 516 53 2180 1899 2.08 319 133 1256 1293 1038 — 94 974 
Sylvilagus (57.90-66.00) (45-6116) — (36-65) — (047-3027) (19.08-22.45) 05-2493) — (29,1-33.9) (84-188). (109-1426) (1187-1432) (90-119) (48.05-53,59) (9.16-10,98) 
bachmani 
n=Total sample nz) [ ned n69 add! 1:68 п=67 ned nl NS т 
Sources a 2445" Wa wa" 20146" 
Eastern cottontail, Q 7429 6355 31,26 2080 4% 3554 1053 1439 M56 56.22 11.00 
Sylvilagus floridanus (72.34-75.40) (59.35-66.66) (29.69-33.64) (18.89-23.01) (22.75-25,7) (33.55-37.49) (949-1149) (1342-1532) (12.92-15.48) (53,55-59.16) (9.87-11,72) 
Total sample m? д0 m — my т 1330 my —mX тй mj — ny 
Sources 05 
e 738) 63.39 3151 2100 2424 356 1054 1428 1449 56.17 1145 
(71.39-76.14) (60.29-66.95) (09.37-33.50) (19.38-23.11) (0335-2582). (34.04-38.55) 925-1195) (132-1522) (12.32-15.43) (5220-60,10) (1007-1243) 
neTotal sample n5 — n mX т т n30 m3 © му n3 тй 
Sources 305 
(00 ny 510 65 3149 1638 AR 17,30 1124 1327 10,24 
(6225-820) (865-575) (304% (0730-3680) (45285) (321-3715) (154-2040). (10,10-1245) (11.80-16.00) (9.10-11.60) 
naTotal sample m тї nah! nad) 1:68 neh m ту 8 мй 
Sources a 4000 40907160 m AME 
Mountain cottontail, О 6450 5615 55 B92 1827 2289 n9 9n 1303 1315 1130 5085 981 
Syivilagus nuttallii — (5660-724). (48,1-61,41) — (45-61) — (0671-322). (15.15-21.25) (21.47-24.40) PS 83-1.) ey (10-1416) (107-120) (85-5383) (8.89-11,25) 
naTotal sample nal} nad її 05 т nal їйї mY — m5 т т 
Sources б 3" — m 3" 30,11" y^ de! yn 
© u 549 565 2801 1088 2266 ИШ 99 12.69 1283 1.06 — 4M 95 
(6106-726) (482-6151) — (51-68) (73) (157421.1) (209-2426) — 007-43) (847-111) (11,75-14,26) (1186-1414) (103-118) (45,59-53.83) (802-1086) 
nsTotal sample nel} nell ned n51 п=30 1:48 пй ШЕ n5) пеў) n=20 nA! л 
Sources yw —— xm 38 0 yw — 3x 30,318" ym 
070 @% 30.14 26 38 11,09 1138 35 
(65.30-70.60) (21253150) (435-2235). (92.75-36.10) (1045-1175) (11.45-12.75) (615-1045) 
naTotal sample [or мї}! 1222 n?! m тї 1522 
NewEngland 9 13 65 2947 2647 br] 1515 1441 1195 5180 
cottontall, (69.80-74.67) (6.06-7.02) (28.42-31.69) (25.23-28.33) (34.60-37.78) (14.20-16.34) (14.14-15.18) (13.68-14.78) (5143-5553) 
yvlügus transitional 
naTotal sample nab! nl nah! п п neh) na! ns п 
o Юд 145 an 35.19 1487 13.65 1329 5151 
65 50-75 00 (6.80-7.76) (25.10-31.18) US (33.74-36.72) (13.46-17.00) (12.48-15.54) (12.52-14.64) (49.06-54.69) 
naTotal sample nah! nah! пб n nah! паб! nab! nah! nah! 
gor 54.20 604 1661 141 29 329 10.12 1363 1432 
(06-557!) (560-648). (29.08-29.14) (23,34-25,00) (02235-2348). (05.10-37.48) (977-1047) (13.25-14.01) (13.56-15.08) 
neTotal sample noid” ne? т тї т? ne" nM) ле" net? 
Antelope Q0 — 10867 4651 47.66 15.13 1901 
Jackrabbit, (97,0-115.1) (382-503) (45-507) (15-165) (17,6-20.6) 
Lepus alleni 


nafotal sample nz n23 д}! mà! тй 


Families Ochotonidae and Leporidae continued 


Palatal Mandibular 
Greatest Balar Муж Naal Ми Braincase Zygomatic ino Bula Manllay Mandibular Postorbital Mandible — ramus 
pi ш kgh мй юй мй Мей breath breadth breadth мй шїн оон breath lengh depth 


ийм Q 7686 630 58 071 ш 4% X8 1011 94 1387 ма — 5658 0 
Lepus americanus (129-8410) (540-7108) (44-68) (271-3735) (1737-2167) (21.792936) (3434171) (1588-1878) (861-114). (122-152) (1325-1622) (100-123) (2.246418) (88-114) 


neTotal sample nd] d mM 9 т — n3 B3 т т т т) nM т®) т 
Sources NU NS м SMS AS AM sy NW) — Q8 г 


vo me ew 59 эл — 19 UB X4 50 9m nó миы 10% 5» 1050 
(1394-806) (528-6897) — (49-66) (25.96-33.26) (1761-2146) (22.07-3034) (A (1447-1689) (654-1124). (12241545) (1331-160). (94-12.1) (53.68-62.07) (877-1114) 


їйї sample м0 0 т 7 м9 58 шй т nel тй т т) тї т 


Sources Fo wo gg wg 19,610" wen wig wg rv" o wg 
00 
(35455) 065420) 
naTotal sample п) п) 
мый о RO NM — 060 ya — 20 — X90 40 ng 50 ш G9 69 n 
Jackrabbit, (8704-9980) (632-8502) — (5169) (31.59-44.86) (20.71-26.07) (2202-295) 68446 (1139-140) (1409-178) (145-1805) (107-148) (6167371) (1169-1468) 
Lapus californicus 
neTotal sample ml — m — тй т) т пй ne} m9 т} т тй my т 
Source y0 5и жи" Ww Bg A 96и" DIT 
v? $99 ми 60 ye a ng — ur 164 un 63 ny 
0542-990) (664-0199) (501,7) (9063-449) (2059257) (232420) (3733468) (1155-1446) (1364-115). (149-1815) (104-151) 6037-6831) (1117-12) 
Total sample nl) т т m5 т тй nel mi тї тї т >: тї 
Sources yw 5и e 5246" BA — Wa ШШ (ar 
9% Иий 3954 Qu мі 085 
(07041019) 055456 (408-455) (134-152) (051-18) 
nsTotal sample ned?! ned? n1 [ДИ 
Whitetaied 0 97 лә 39 2» ив 1628 no —&m 
jackrabbit, (1680-68) (81-47) (4932) (65434) (275-302) (01-67) (158-175) (11,1-160) (5839-7285) 
lepus townsendii 
naTotal sample m — mU тї тй mU тй hi) ъй 9 
Sources 149 %% A 14410" 14,10" 10,10" 
vc $5 ли ш WO BU 25 4% m» ә и 09 09 12% 
(148-9641) (26283) (44-11) — (343-418) 371-2740) (2572-30) 01244651) (1044-1259) (153-181) (1582-1733) (115-158) (96-7194) (12.24-14.10) 
nafotal sample м6 тї n3 м0 m? т тй n m3 т тї т! тї 
Sources po ом" — qm n * nus DATAEN pu Т 
90 
(888-1025) (452-523) 
Total sample na? п) 


Yeah, 2Ver and Сатана (10), 3 УЛТ Asari (19), ҮЛҮЛ УЛ 
Jonas in Armstrong (1972), BaJackson (1961), $eLowe (1958) In Chapman and фитин (1981), 10=Smith and Weston (1990) 
Mayr (1940), tàsCupnun and Morgan (193) 


‘Parameters incomplete, created from 1 Standard Deviation of means, 


Family Sciuridae, genera Neotamias and Tamias 


Table in millimeters. Mean and parameters on top, Total number of specimens 
measured and specific number in cited sources below, 


Greatest — Palatilar — Postpalatal Nasal Braincase Zygomatic Interorbital — Postorbital — Maxillary — Mandibular — Mandible 
Species — — Sex — length length length юй — breadth — — breadth breadth constriction — toothrow — toothrow length 


Yellowpine 9 3325 1593 1849 8.18 550 527 17.70 
chipmunk, (31.66-34.62) (194-1683) (17.56-19.37) — (150-993) (499-613) — (5.005,52) (16.57-18.81) 
Neotamias 
amoenus 
n=Total sample n=60' naht n=60' nah! n60' nah! п=60 
0 32,93 16.01 1832 749 539 530 na 
(31.36-34.75) (1529-1684) — (1755-1947) — (6,64-8.05) (405-606) — (496-562) — (1649-18.52) 
n=Total sample n=63! n$? m6) n8' п=63 nz п=63 
Cliffchipmunk, 9 35,39 1095 19.75 780 547 18,76 
Neotamias (4836.1) (0-17) (92225 (7.5-82) (5357) (183-195) 
dorsalis 
naTotal sample п=19 n=15' neis! nals! n.15' nals! 
3528 1077 1936 780 544 18,50 
С (249-360) (100-113) (188-001) — (12-82) (52-56) — (181-19/) 
neTotal sample nad! neg neg n n9 neg 


Qo 358 1452 13,03 1035 1640 19.56 19 1136 5% 
38M433F (337-383) (136-159) (12,1-14,1) — (100-122) — (157-172) — (187207) — (13-898) — (105-122) — (51-62) 


n=Total sample nel! nel! nal) nel! 171 ne! nat! ns]! nell! 
Least chipmunk, 9 30.72 9.44 1487 123 686 49 49) 1622 
Neotamias (27.8-33,18) (85-104) (14.04-16.37) — (155-1924) — (62-78) (449-546) — (44-55) — (1566-1849) 
minimus 
n=Total sample 1:94 ned! 0200 n=94 п=64 nei? п=64 n=84 
Sources 30 54,107 30,10 30,9410 54,10 5410 30,54 

0 3041 936 14.85 16.97 6,74 49 481 16.01 

(2145-324) (86-103) (13.82-15.68) — (1534-1825) — (59-76) (459516) — (44-55) — (1436-1788) 

neTotal sample n=88 nz nz39 n=88 nz58 n30' nz58 п=79 


Sources 3049 9 09 у 499 4y 9 30,49 


Qo 318 1347 11,47 960 14,96 1780 69 10,42 52 
МОР (309-330) (125-144) (11,1-11,9) — (90-103) — (5-153) — (120-187) — (6676) — (99-108) — (4756) 


n=Total sample nad! nay пәй! nay n29 n=29! п229) nz n=29! 


Colorado 0 3564 1.7 19,64 778 58 18.90 

chipmunk, (34,4-36,9) (10,3-12.1) (19,1204) — (1184) (54563) (18,1-19,8) 

Neotamias 

quadrivittatus 

n=Total sample е = єй 1228 naa nf 
0 35.48 1103 1938 1 590 18,75 

(40-311) (94-122) (184-203) — (12-85) (5466) — (17-196) 

neTotal sample 1235 neh п235 п23$ 1235 neds! 

00 352 1476 1241 10.63 16.15 19.60 190 11,14 581 


34F+16M (35-365) (140-154 (11,5-13,0) (95-145) (155-166) — (180-203) (М4) (11-119) (647 
neTotal sample пе! n=50! пе! n:50' = n50 т! 1250 


Family Sciuridae, genera Neotamias and Tamias continued 


Greatest — Palatlar Postpalatal Nasal Braincase Zygomatic 
Species ш ий ий ий length breadth breadth 


Townsends 4 — 38 1761 15) 


chipmunk, (36.42-41.43) (16.78-22.14) — 022-2241) 
Neotamias 
townsendii 
nzTotal sample nii nit nit 
70 3818 1746 2.18 
(36.85-40.06) (165-1850) — (0022-2245) 
nzTotal sample naht? nb!’ nab! 
Uinta chipmunk, Q — 363365 114,117 1937 
Neotamias (192-195) 
umbrinus 
nsTotal sample ned! ned! ned! 
70 30 11.03 1905 
(350-366) ШЕ (186-193) 
n=Total sample ne 16 net 


QU 55 MA 04 1088 158 19,04 
8M+12F (337-365) (140-152) (124-132) — (96-118) — (153-162) — (184-195) 


neTotal sample n3 т п n na nu 


Eastern 036 2139 
chipmunk, (36.38-41.32) (1993-2287) 
Tamias stratus 
nzTotal sample fl 110 
0 39 2 
(36.35-40.49) (19.80-22.40) 
[ sample 110 110 


00 Q3 л MW 1429 16.88 DM 
083496) (115-241) (136-159) (125-161) — (157-208) — (199-264) 


Їйї sample ni n5 м5 U ШЫ n=148 
Sources 9 0009 18 doy 149 002 


Teauthot, 2eVerts and Carraway (1998), 3eHoffrister (1986), ЕИ (1969), SsLowery (1974), G=Armstrong (1972), 
Tejoheson (1943) in Verts and Carraway (2001) 8sHoffmister (1989) 


Interorbital — Postorblta 
breadth constriction 
14 
(12216) 
ne 
1% 
(1344) 
nell 
800 1145 
(1489) (105-122) 
nz nz 
t n 
(01428) — (105-122) 
1:135 11 
1219 


Malay 
tothow 


64 
(565-7) 


nef 


635 
645-637) 


nsi! 


552 
(5.1-6.0) 


ned) 


657 
0990 


n:135 
12109 


Mandibular 
toothrow 


$n 
(57-58) 


nz 


5,66 
6553 


16 


638 
(600-64) 


het 


6% 
(6.04-7.10) 


n10' 


Mandible 
length 


2157 
(1926-228) 


ne 


20.70 
(19.46-22.13) 


nab! 


189 
(185-192) 


nz 


1861 
(180-192) 


nel 


2.16 
(2059-2362) 


Nail) 


2,3 
(2094-2321) 


nett 


Family Sciuridae, genus Marmota 
Table In millimeters, Mean and parameters on top. Total number 
of specimens measured and specific number in cited sources below. 


Greatest Condylobasal Palatal Postpalatal — Nasal Braincase Zygomatic Interorbital Mastoidal Maxillary Mandibular Mandible 
Species ж length length lengh length length breadth — breadth breadth breadth — toothrow — toothrow — length 


Hoary marmot, — Q 969 Жи 55.10 36.63 394) 80 UN 0% жш 211 66,58 
Marmota caligata (86.12-108.76) (70-1065). (502-614) (3054!) (349-440) (655-684) (209-2712) (919-494) (202-244) (19.26-22.04) (61.14-74,74) 
nzTotal sample nal)! 1221 nz! єў} n) n — nm o n nd nl nett 
Sources Qr 07 7 — X WI xy xy — 
0 9066 9846 56.07 3 4037 4 UN MM 2250 M 6797 
(82,76-107.83) (854-1074) (49.6627) (32341,7) 649.450 (562-698) (215-290) (38.0492) (01,1-24,1) (19.87-22.40) (51.52-73.56) 
Total sample nd ж тю o — m3 nB n3) B т® тї тї м) 
Sources PA Qu PA PA 2Y . 2r! — 2 0" 


Yellow-bellid 9 ug 5 и 39» MY 3065 н "n 3980 "9€ ww» 50 
marmot, Marmota (38-8882) (13-41) (394-503) (1.369) (094-15) (07.82-33.05) (47,18-61.0) (15.0-22.5) (342-447) (14920,1) (17.80-20.00) (46.62-60.70) 


n=Total sample mà > т т 0 тї ту т тй тїї ml 
Sources vu qw qe QW QW. gw VAM 12,10 


0 8513 927 46 5% 3X0 20 — $05 э Qn м н 5634 
(7320-9338) (79,1-97.1) (1-550) (08-382) (326-426) (2977-3366) (421-637) (161-232) (375-462) (190-222) (184-2058) (48.21-62.66) 


nzTotal sample м6 7 м пт] e 5 7 008 5 т тй 
Sources #10 y y By 828), Wy gy 810! 
Woodchuck or 0 89,33 84.79 49.79 31,11 354) 33 5914 53656 «5 — 6 1957 6M 
groundhog (351-1010) (714-942) (456-560) (28.0-363) (30.5-41.1) (319-350) (528-68.0) (198-287) (365-458) (17.5-23.1) (17.16-02.23) (52.14-70.50) 
Marmota monax 
nzTota sample м7 n3 т) т n3 кї qm 00 тї — on) т 0 
Sources 107 Ж 35 y Ws? ЖТ 857 
@ 8517 87.14 5136 336 355 (5 258 72 2006 1939 6050 
(17.30-89.68) (75,0-102.6) (437-595) (275-317) (099-418) (530-693) (184-292) (364-502) (182-220). (18.08-20.44) (5445-6541) 
n=Total sample nell! n=40 п24) n3! = nA) т — =: тї ll nel! 
Sources 73 yy yy my yy 
00 
(94,0-102.0) 
nzTotal sample nz? 


Teauthor, 2aVerts and Carraway (1996), 3«Howell (1915), 4sParadiso (1969), 5sJackson (1961), GaAnmstrong (1972), 
Tele and Hal (1950), BsHoffmeiter1980) 


Spermophilus, and Cynomys 
Table in millimeters, Mean and parameters on top. Total number of specimens 
measured and specific number in cited sources below. 
Greatest Comdylobasal — Palatilar Masal Braincase Zygomatic Interorbital  Postorbital Ви Maxillary Mastoidal Mandibular Mandible 
Species Sex length length length length breadth breadth — breadth — breadth — length осон breadth — toothrow length 
Harris's 90 39.69 119 187 19.06 29 944 13,79 1050 120 
antelope squirrel, 39M¥36F — (37,6-42.4) (1655-191) (10,2-13,6) (18.1205) (2552) (845-104). (122-149) (98-11) (65-74) 
Ammospermophilus +21 
harrisii 
n=Total sample nz ы mmo onm n3 тї nm тї o nm 
White-tailed 0 3917 1226 188 22:56 1380 120 677 21.60 
antelope squirrel, (35,56-43,14) (19,6-12,7). (17.91-20.05) (20.94-25.72) (17-148) (61-888) (642-118). (002-223) 
leucurus 
ШИШ sample n25 nel 19 125 n=10' 1.25 fe 225 
Sources 19,40 18,0 19,10 18,40 
@ 3962 1225 1912 22.80 1383 MM 6,63 219 
0701414) (112-130) (18.36-20.03) (21,0924) (133-147) (655-15) (632101). (021-234) 
Total sample n15 п м nel5 тў nel к — nel 
Sources 87 9? 87 e 
90 39.08 12 1137 1882 255 879 13,64 10.58 13 
20M438F (36,7-41,5) (16.05-18.05) (10.0-12.4) (1740) — 08-238) — (17-93) (12,6-15,1) (85-16) — (65-85) 
naTotal sample nei! єў! ШЕ nes! neh nese neh nei! n58’ 
California ground Q 56,71 2677 2024 343 35.14 1354 1575 1149 n 35.20 
squirrel, Spermophilus (51,6-63,64) (35-300) (17,5-20,4) (220-252) (23-4069) (14159) (137-173) (10.1-12.7) (10.02-12.15) (31.76-38.96) 
beecheyi 
n=Total sample nell! 1:84 nob! nell! nell nz nab! nell} п=10 nz? 
Sources лм ли т уш! mw 
0 59,43 181 2170 24.09 33 14,14 15.66 11,75 11.26 36.40 
(539-6535) (50-314) (190-240) (222253) (328-4210) (114-165) (136-181) (10.6-13.11) (1076-1232) (32.94-39.73) 
neTotal sample 11:96 n6 т? л пб — n9 т n=% nl) — тї 
Sources 2159 201609 we 1069 2769 
Columbian ground 9 52.40 25.13 1892 2128 32:59 11.67 12.04 1154 10.84 32.04 
squirrel, Spermophilus (49,5-5485) (30-275) (180-197) (1985-2387) (31,12-346) (102-132) (114-123) (104-1258) (1053-1130) (30.52-33.11) 
columbianus 
n=otal sample nail nd — ntl nal ned! ni natt! nzl nd — тй 
Sources 0,11" Nt 10,1" 20,1" 
0 53.22 an 1855 2149 311 1080 1096 11,64 10.80 2.02 
(46.08-57,0) (200-280) (180-214) (1945-2251) (2661-356) (99-143) — (104-126) (10,113.97) (10.32-11.64) (29.0-35.68) 
n=Total sample n9 к т л м т 18 n49 ® ns 
Sources 3 31,18 3110 311 
Goldenmantled — Q 2.28 19.46 1487 1943 26.02 39 nn 83 82 un 
squirrel, (9645.13) (180-208) (12,8-17,0) (1811-2102) (238-293) (89-113) — (012-1410) (7144) (7.84-8.62) (23.01-27.43) 


nsTotal sample 12 69! m8 — тй m9 — 69 [2] 0:129 mid n0 
Sources BEL) yg 911609 51960 96 511969 519 


Family Sciuridae, genera Ammospermophilus, 
Spermophilus, and Cynomys continued 


Greatest Condylobasal Palatilar Nasal Braincase Zygomatic Interorbital Postorbital Bula Maxilary  Mastoidal Mandibular Mandible 


Species Sex length length length breadth — breadth breadth breadth length toothrow — breadth  toothrow length 
Godevmanhd 0 0% 1991 1516 96 49 и 08 835 12 49 
ground squirrel (36.17-49.62) (100-205) (133175) (180-2088) (2183-289) (90-120) (10-140) (670-94) (130-901) (0331-27) 
Spermophilus lateralis 
neTotàl sample n:122 1:66' net ШАШ n т тї! 12 010 m5 
Sources ШҮ See 9060 55 ў 515166 919 
QU an 2005 568 2051 2.19 986 12.67 924 87) 
Mö — (4017454) (86-212) (10-170) (195-219) — (053-2992) (82-108) (112-140) (85-98) (80-93) 
naTotal sample n101 A т? тї 
Arctic ground squirrel, 0 5645 88 0н 28 49 up 09 1261 
Spermophilus parryii (607-621) (250-320) (181-240) (21,1-05,1) — (320-420) (100-46) (110-144) (103-154) 
Total sample nal n:69 [5] ne nen nen nah! nel 
Sources 1.61 онш М! wer — wer Me 
0 58.98 нн 2160 23M 356 182 13 n9) 
(515-654) (250-340) (1253) (214-264) — (335-443) (102-156) (114-155) (112-154) 
=Total sample ШЕ % м0 ns mi — n9 м nz) 
Sources 1466 Wwe — we — we weg wg 14) 66! 
Spotted ground Q 4018 182 141 187 n9 1165 163 2145 
squirrel, Spermophilus (075415) (175-188) (136-144) (1861-196) — (231-248) (127-148) (698.2) (18,3-22.8) 
n=Total sample nah к 9 тїї єў nah! nah ns 
0 41,12 186 14,24 187 249,255 54 188 2226 
(272434) (80-195) (128-153) — (18.1-196) (107-148) (68-80) (00,6-22,9) 
n=Total sample єў n = тї nz? na [y n 
90 3691 1620 1235 1794 210 711 12.96 958 679 
Mor (348-396) (3-128) (135-137) (166-194) — (200-239) (638.65) (1155-139). (82-106) (655-805) 
n=Total sample 165 n:65' 065 п=65 ns! 1:65 ns! eb 1=65' 
Round+talled 00 36.79 1681 11.66 17,76 23.08 8.15 1234 98 16 
ground squirrel, (4-395) (156-186) (99-137) (166-193) — (213-254) (69-103) (107-136) (88-107) — (67-85) 
Spermophilus tereticaudus 
Total sample ne136 ne ne Ne т 08106 188 90 106 
Sources ШЕШ Wo #7 v» wr wo wr 9p 3" 
Thirteen-lined Q 36] Пи 1001 1653 20 136 1147 680 $60 2110 
ground squirrel, (324413) (145-198) (100-157) (153-179) — (191-247) (65-82) — (09-122) (5614) (561-121). (183-2368) 
Spermophilus 
tridecemlineatus 
Total sample na 1:32 Ше nei 11:48 nal nol} n: n m5 
Sources 1205,9 yy yy II 312029 105 
0 3 1761 1356 — 1695 278 Mm 1151 69 63 18 
(432411) (155-195) (105-154) (163-183) — (197-247) — (6985) — (100-126) 61-14) (686-735). (184-2537) 
naTotal sample п25) ъй nah n26 ned] mj п) nad) m0 9 
120358 "y 2188 38 uy xy o xm yan 35 


Family Sciuridae, genera Ammospermophilus, 
Spermophilus, and Cynomys continued 


Greatest (уйй hir Nasal Braincase уут ино Postorbital Мн Му Maso! Mandibular Mandl 
Specs Sex юй юй мй юй beadh beadh breath beadh мй оон ый оон length 


ground squirrel, (18451) 
Spermophilus 
tridecemlineatus 
naTotal sample na 
Rock squirrel 0 5956 BN 168 53 XQ ми me 17 06 "5 59 
Spermophilus (549-657) (259-325) (188237) (35-267) (239424) (123-188) (160-196) (110-129) (107-137) (1054129) 2254-395) 
variegatus 
Total sample nes) м а т т een т т! м к тй 
Sources po 00299 w wa 2018007 007 00 ШҮ 810 
0 5177 85 22 — 3803 wp "n 120 78 38 
(6477) (214-330) (03-45) (4492068) (348-418) (13,1-18,1) (163-191) (11,4-12,7) (11.3-140) (11,5126) (3335-4033) 
naTotal sample n:36 mM л тй м тї mE т? п от} 
Sources 19219 И 08,000 09,00 0800090 1900 15019 19219 110 
White-talled prairie 9 93 15 43.69 13.0 55 »0 0% 56 
dog, оту (63.17-63.19) (208-225) 417443) (123-143) (152-162) (269-304) (13.17-15.20) (37.08-43.51) 
leucurus 
naTotal sample nel nal U mti! m тў кб м 
Sources 6 
Ü 518 286 45,14 93 16 YN 160 y 
6885-541) (225-232) (16464) (126-142) (156-165) (005-308) (1158-1449) (40.48-41.86) 
naTotal sample №15 лаў пў naf m м тї шї 
Sources er 
Black-talled e Q $890 9% 2358 un 14 қи 24 м 07 
dog, Cynomys (605-660) (514-23) (1925) 416481) (123-147) (154174) (066-297) (1338-1540) (150-439) 
ludovicianus 
атага) Е M. — 
0 и 040 DEI 45.20 139 Vn sn Mw 0% 
(620-678) (95-644) (228-256) (06415) (129-150) (152-18,1) (269-303) (13.68-15.88) (39.22-45.08) 
neTotal sample ml? nel? nal! nel?! nel?! nell л 800 л) 
о  &» 5 BA a5 x 129 16 Шу 
(604665,7) (572-618) (24-248) (239-250) (296-323) (124-137) (130-143) (2675-2885) 
neTotal sample A >] n) — 000 тї тї? тй hell 


‘author, 2aVeri and Carraway (1998), Зено Ниви (1906), оед (1961), Seb and Hall (1956), 
EnArmstrong (1972), aPizzimenti (197) in Hoogla (1996), Веном! (1930) 


Family Sciuridae, genera Sciurus, Tamiasciurus, 


and Glaucomys 
Table in millimeters. Mean and parameters on top, Total number of specimens 
measured and specific number in cited sources below, 
Greatest Palatilar Nasal Braincase Zygomatic — Interorbital — Postorbital — Maxillary — Mandibular — Mandible 
Species Sex length length length breadth breadth breadth breadth — toothrow / toothrow length 
Abert's or tassel-eared QO 6048 20,4 24.09 354 19,14 18,54 11,63 
squirrel, Sciurus aberti (58,1-62,9) (1825-2225) (229249) — (335-368) (17.25-21.95) (1225-197) — (1055-124) 
nzTotal sample nz nz! пф! пеб4! n94 пе) пе 
Arizona gray squire, QU 073 3625 2085 20.64 11.64 
Sciurus arizonensis (60.1-66,1) (341-384) — (19,1-22,7) (192-219) — (105-123) 
n=Total sample п=174 nett! n=174) n174 пе170) 
Eastern gray squirrel, 9 60.44 24.66 3387 1822 194 1087 1058 42 
Sciurus carolinensis (55,78-62,82) (24.16-25.02) (20.44-35.60) (16.36-18.72) (18.80-20.05) (10.38-11.44) (10.38-11.02) (30.98-35.61) 
neTotal sample nah! na! nah! na! nah! na! ne! ned! 
0 61,73 ШЙ n9 1829 1920 11.00 1093 3506 
(59.66-63,06) (408-2566) — (2293-342) (169-1933) — (18.65-19.95) — (978-116) (10.50-11.34) — (34.12-36.00) 
nzTotal sample nel! nab! net net ШЕ nell D nz 
Sources y 0 39 30 


00 59,35 254 1977 23.16 32.91 170 19.15 10.69 
(538-665) — (38-217) (17.2265) — (417-2995) — (036-372) (148-194) — (182-2205) — (90-122) 


n=Total sample ne2074 010$ n=207 n=210 1220347 n=105 nette" nz 
Sources 1055102" 105102 — 105,105" 105,99" 105,106" 
Western gray squirrel, 9 66.69 39 2695 37.93 229 n4 1271 3980 
Sciurus griseus (64,21-68.6) (224-2489) (26.33-27.84) (35.87-40.15) (18.78-21.66) (1511) (11.87-13.40) (37.95-41.19) 
naTotal sample Del? net? fel? net? ne hel? neto! na17 
0 67,12 2421 2718 37.94 20,78 12.49 12.66 3994 
(63.13-70.39) (241-2535) (2509-2831) (25.88-40.60) (19.72-22.56) (11.59-13.53) (12.00-13.18) — (37.75-42,3) 
nsTotal sample n30 n30 30 n30 nel! n30 nel! n30 
Eastern fox squirrel, — Q 63,15 2111 1505 35,14 19,13 11,07 12.78 338 
Sciurus niger 6903-71800 (186-235) — (2437-2586) (33,12-37.2) (125-207) — (10,3-12,1) (1168-1354) (33.07-42.28) 
n=Total sample п=33 nz nz?! n:23 п=16' п=23 n=10' nel? 
Sources 7165 10! TAG 716 TAE TAU 
0 56.24 17.78 236 3101 1922 970 12.14 31.74 
(47.06-71.12) (1453-222) (2049-2623) — (26.56-364) (188-200) — (81-115) — (1124-1328) (26.37-42.68) 
nsTotal sample nei] n51 nal! nest nd 951 nett! [ЕЛ 


Sources 4g a a a a 


90 63,62 21.% 21,54 25,54 3580 18.90 20,10 11,19 
(22-698) — (47-303) (17.6240) — (36-272) — (324-398) (162-223) (192-212) — (02-123) 


naTotal sample 133 290! n=125 m3125 n2133 1:98 n35" 133 
Sources 990,35" 90,35" 9035" 9/9035 9.900 9,905“ 
Douglas's squirrel, 0 4159 1446 2054 2128 84) HE 


Tamiasciurus douglasii (4447-4947) (12.05-15.89) (19.27-21.67) (24.04-29.21) (135-95) (05.34-28.78) 
Total sample nz 78 nae nel! nz] 128 n18' 


Family Sciuridae, genera Sciurus, Tamiasciurus, 


and Glaucomys continued 
Greatest Palatilar Nasal Braincase Zygomatic  Interorbital — Postorbital — Maxillary — Mandibular Mandible 
Species Sex length юй мй beadh breadth аһ breadth оон Юн length 
Douglasssquire, 0 49) 146 — x6 YA 860 03 
Tamiasciurus douglasii (4520-4982) (177467) (1948-2235) — (2428-298) (130-935) (486-29.28) 
nzTotal sample nz ne}! nz net? el nalt 
Red squirrel, Q 4139 1517 2101 115) 1467 1482 864 121 115) 
Tamiasclurus hudsonicus (42.35-51.34) (1378-1637) (2015-2199) (04.68-29.15) (143-150) (12-157) — (18-925) — (688-140) — (454-2931) 
Total sample пы) пы) nz n3l nit nel’ n ney! nz] 
Sources 20127 30,12 7 30,12 07 
0 46,16 1529 8 14.94 14,80 1% 14\ 26,74 
(43,78-48,1) (14,1-16,1) (2488-2730) (1358-156) (1375-159 — (115-88) — (11-14) (0566-2750) 
n=Total sample 1221 net! ns nad nad nal ns ns 
Sources p y y 13'8! 
90 4769 21.54 13.64 2021 2141 145 14,70 816 
(41-502) (ЕШ) — (1214153) — (1835-212) (251-291) — (126-159) — (1295-158) (69-935) 
nzTotal sample 1:83 nasd m29 1:03 1:03 ШЕ 1:83 n83 
Sources д" 54129" x» sw» и s» 
Northem fying une, Q — 409 nn — wn 39 15 m BiB 
Glaucomys sabrinus (38.27-44.19) (10.91-14.06) (17.61-19.76) (22.19-25 8) (1.63-9.63) — (1524955) (21.65-25.07) 
Total sample nob! nd nbs! ne nabs! 1212 D) 
@ 40,37 1246 18.42 23.49 14 9,04 8,26 1n 23,16 
(36.0-44,2) (10.0-14.0) — (111-1946) — (2185-2581) — (62-88) (80-99) (64939) — (144-834) — (21.94-27,18) 
naTotal sample n=80 n:80 D 1:80 п218' nz 180 nal}! nb! 
Sources Quy 62,18 Qul gu 
woher ing un, Q — 36 97 anm 68 84 Т: 60 194 
Glaucomys volans (348357) (085-102) (97-2303) — (66390) — (16934) — (563-687) — (524-636) — (1824-197) 
Total sample nit m9" nel n19 n3" n19 nal)! nett 
Sources y 10,9" LER 19" 
@ 3435 95 2087 6.96 86 636 501 18,84 
(034-354) (9.1-102) (19.95-21.95) — (58-56) — (83-925) — (572-686) — (560-648) (1826-1930) 
Total sample nit ne” na19 nel n3" n19 nel)! nit 
Sources 10,9" 10,9" 19" 10,9" 
00 A 15.14 976 2048 639 6.19 
(20-32) — (16-163) — (86-116) (85-02) — (63-83) (64-74) 
n=Total sample ШЕ 1:30 nz pond єў n=38 
Sources 830 830 e 830 


ви, 2eVert and Carraway (1996), 3xHoftmeistor (1996), AmParadizo (1969), SeLowery (1974), bxArmstrong (1972), 
Talackson (1961), BaDolan and Carter (1977), SxHowel (1918) ln Well Goging and Heaney (1964), 10«Hoffmeister (1989) 


Family Geomyidae 
Table in milimeters, Mein and parameters on top, Total number 
of specimens measured and specific number in cited sources below, 


Greatest Baslar мш М Мт оит Mastoidal Braincase Туут ио Maxillary Mandibular Mandible 
Species Sex юй юй юй мї мй breadth breadth breadth breadth breadth Юн оон length 


Bottas pocket gopher, 0 34» 318 VA 1280 1506 166 19,19 
Thomomys bottae (482-438) (263-35.9)* (21.00-27.28) (103-146) (11.4-17.1)* (66-92 (16.0212) 


Total sample m тї n8 тї тю т тї 
Sources 22) 652! 36" 652/36 651136 — 22765230 


о a 3035 — J M6 — 09 16,6 821 03 
(402-46) (28.2-40,1)* (1880-272) (11,5-16,5)* (137-178)* (13-108). (017-239) 


п10 03 08 ee 0880) 96 3 
113324 ШШ a ma 


nzTotal sample 

Northern 0 xn xn up оӊ (Ww 18 
pocket gopher, (3239,12) (2635-55) (02454) (1512175) — (6688) — (1528-205) 
Thomomys talpoides 
nzTotal sample 


nM 02191 nid т” тї 191 


282 64 1% 81 a 
(12-26 (58-1)  (1.0-9.11)* (107-926) (20.25-29.04) 


fall nell) nel 130 n31 
22653! 36° 226536 2065300 228 229 


ит 637 8.18 ш %% 
Qus (57-10 (1-94 (134-858) (21.48-30.10) 


n3 0305 0805 5 м5 
МИШ! masew ӨЗИ wg Оу 


2083 64 17 121 220 
(804-47) (5,41-7,18) — (63:86) — (6338.04) (17.99-23.00 


m189 тї тї т тё 


142097 17,97 vo wa Ways 74020197 74020197" 
0 39 3229 un 1659 182 187 2,13 629 153 136 131 
(35.54-40.83) (27,28-37.1) (125-158) (157-173) — (69-92) NN (18,73-26,1) (52-16) (614871) (639-825) (1877-2043) 
n=Total sample 212 ШАШ n:69 net?! nent ША neld5 n:M3 nz M7 nen? nen 
Sources DAE: 13156 Wu mos TUS T1359 230758 
Plains pocket gopher, 0 47.64 36.34 13.0 16.76 1038 58 282 661 879 8.45 28 
Geomys bursarlus 4060-553) (42-395) (11,4153) (128-202) (5408) (232-311) (242-3630) (5623) — (154103). (1589.50) (06.36-33.92) 
naTotal sample 128 na nal! ad? nel! п nah 1338 nn nl 
Sources 1018 1918 20/18 16 Жї Ж 
@ 50.69 4136 145 18.58 1161 23 3145 661 922 84 32.00 
(40.51-59.98) (31,5-45,1) (11,6-17,0) — (155-2310) (102127) (238-320) (464-3125) (52-13) — (82-105) (820-10.10) (25.84-39.45) 
naTotal sample S nm — n 26 nd) ne n38 — n8 — >> т м 
Sources 10,48 10,18 10518 10:10 100808 1018 
Yellowsfaced 0 48,63 42.16 1150" 1029 Л 31,18 678 980 853 3246 
pocket gopher, (4148-530) (4013-435) (332-355) (168-186) (209-232) (96-112) (266-285) (206-228) (296-325) — (62-22) (91-109) (7.65-9.43) (27.04-35.86) 
Cratogeomys castanops 
naTotal sample nA ът т il nf тї n) 1241 ® тї т тї 
Sources a or 13/28 os 
0 52,2 475) ШШ 1260" 3078 31" 692 М" 84 n4 
(4322-5828) (455-483) (37,2-41,0) (190-215) (226-265) (11,5-13.0) (28.9336) (220243). (341-399) (65-4) — (97-110) (128-92). (28.14-38.18) 
naotal sample n10' nsf) ыў т ms пт ns nado n5 — n3 т 0 
Sources gus 515 945 D 
‘author, 2uVerts and Carraway (1998), 3soffmeister (1986), Anlackson (1961), SuArmstrong (1972), 
feDavidow Henry et al. (1989), Hofmeister (1989) 
(фет created from a subset of the data 


"mean created ony using Among dat, anges inude Armstrong (192) ba oy Mery al, (989) 


Family Heteromyidae, genera Perognathus, 
Chaetodipus, and Liomys 


Table in millimeters, Mean and parameters on top. Total number 
of specimens measured and specific number in cited sources below. 


Greatest бйз Nasal Bula Manly arches Zygomatic  Interorbital — Maxilary Mandibular — Mandible 
breadth breadth breadth breadth 


Species Sex length length length toothrow оом length 
Silky pocket mouse, 0 2039 2040 691 1126 1032 450 307 n 907 
Perognathus flavus (1954-2136) — (193-213) — (550-75) — (123-122) (07-109) — (418-489) — (267-34) — (238-286) — (876-938) 
n=Total sample nz] n=14 n=18 n=19 nal? nal nz п=6' ns 
Sources 1,6 59 196 5,95! 296 Dur DUE) 
0 2080 19.70 17 11.95 102, 10,3 10,73 4,46 3,04 257 9n 
(2029-220) — (185-209) — (640-81) — (14-124) (10-103) — (39247) (247-350) AR — (84-945) 
nzTotal sample nal0 nad naig nz18 па) nal 119 nal] nah! mab' 
Sources 46 18 486 585 86 5:86 3186 
Little pocket mouse, Q 21.05 205] 158 1193 10,72 500 307 289 88 
Perognathus longimembris (024-2205) (19.95-21.35) — (69-80) — (114-123) (9811.24) — (4853) — (7934) — (269321) — (856-9.10) 
nzTotal sample nel] n=10 nes‘ nah! ns nel ns п=6' п=6' 
Sources $5 бд 6? 06 06 
0 21.60 2091 161 12.19 1039 50 295 10 9.14 
(060-2261) (20.37-21.46) — (013-805) — (114-132) (085-397 — (46551) — (4639) (9303) (61-97) 
naTotal sample nel пф nes! nz! nz] nell ns! nah! nah‘ 
Sources $5 07 g $5 $5 
Great basin pocket mouse, Q 4% 2486 12.54 581 387 35 1035 
Perognathus parvus (23.20-27.63) (23.39-27.56) (H47-1332) — (531-639) — (334439) (14416) — (9.67-12.00) 
neTotal sample not! n240' nef nad} ned? n240' nad} 
0 26.07 26.01 1026 1373 118,119 13,00 6,00 39 340 1132 
(03.77-28.98) (23.74-29.02) (91-1125) — (1295-145) (131-422) — (500-681) — (334481) — (317-440) (10.22-12.85) 
n=Total sample ШЕ n=82 nag! n3 nz?! ne]? n=86 1:81 nel? 77 
Sources Tg m5 ny ma 
Baileys pocket mouse, Q 28.67 10.73 143,143 15.17 64,69 37,45 
Chaetodipus baileyi (285-297) (102-11,5) (145-155) 
naTotal sample nz! пў ned! пў na na 
0 2.10 310 10,78 15.00 13.15 16.0 6.74 41 
(45-297) (100-1025) — (M3-15.6) (65-10) (4042) 
naTotal sample пај! nal! пеў! ned! nal! nal! Nah! nz 
Sonoran desert pocket 0 24.60 9,38 12.86 1257 6.18 318 11,02 
mouse, Chaetodipus (22.56-25.56) (824-1009) (12.11-13.28) (11.92-13.23) — (697-652) (298-360) — (1020-11.54) 
penicillatus 
nzTotal sample 15) nz] nz] п=6 nz] п: п=6' 
Sources 16 né [7 


0 2480 2595 9n 1273 1207 12,62 61 359 1M 107 
(3 (227-055 (17-1110) (119-137 — (25-123) — (105-142) — (55-66) — (32040) — (282-334) — (1034.11.32) 


n=Total sample n=10 nad! hz п=13 na}! n$ [E ned п=6' ns 
Sources 46 76 16 hi 76 36 


Family Heteromyidae, genera Perognathus, 
Chaetodipus, and Liomys continued 


Greatest — Occipitonasal — Nasal Bull 
Species Sex length length length breadth 


Mexican spiny pocket Q 2.14 1306 
mouse, Liomys irroratus (30.26-35.44) (116-1544) 
nzTotal sample nz nz 
Sources 4050 45 
0 30 1313 
(29.76-37.84) (116-154) 
neTotal ample ns ns 
15 10 


ч, 2eVerts and Carraway (1998), 3eHoffmbster (1986), 4eWiliams et al, In Genoways and Brown (1993), 
Armstrong (1972) 


Maxilaryarches Zygomatic — Interorbital Maxillary Mandibular — Mandible 
breadth breadth breadth оон он length 


150 151 82 521 5.4 153 
(0-060) (142-167) (173-880) — (45-610) — (461-578) (14.08-16.66) 


[5] т) ne nz] ns [5] 


45 hi 
16.01 036 536 5,14 1619 
(14.43-17.80) 0298) — (05602) (472585) (14.36-19.30) 
[5] Nah Nah 15) 15) 
15 rs 


Family Heteromyidae, genera Microdipodops 


and Dipodomys 


Table in millimeters, Mean and parameters on top. Total number 
of specimens measured and specific number in cited sources below. 


Species Sex 


Dark kangaroo mouse, 9 
Microdipodops 
megacephalus 


n=Total sample 
Sources 


nzTotal sample 
Sources 


California kangaroo rat, 9 
Dipodomys californicus 


naTotal sample 


neTotal ample 


Desert kangaroorat, 9 
Dipodomys desert 


nzTotal sample 
Sources 


n=Total sample 
Sources 


Greatest — Occipitonasal 
length length 
am 517 


(05202907) 303-2632) 


n:33 neil? 
103 

23 2549 
(263-2928) (2388-2839) 
nz] nad 
y 

35) 3196 
0525446) — 04.17-38.70) 
0219 nal 
388) 3130 
(34.01-42.13) (291-400) 
nz 1226 
44,19 
(41.48-46.06) 

n3 

18 

4561 
(43.88-46.70) 

net 

hi 


Nasal Maxillary arches 
length breadth 
9% n5 
(3-035 — (113-118) 
nef! nef! 
953 1161 
(34035 — (013-121) 
nz nz 
16.18 2284 
(1584-1736) (20.66-24.27) 
ned ned 
18 18 
1108 39) 
(62485) 0-482) 
net etl 
hi] 38 


Bulla 
breadth 


1882 
(1825-192) 


nef! 


18.58 
(17-1905) 


п 


195) 
(28.16-30.80) 
n: 
ry 
3031 
(88-315) 


nel 
b 


Interorbital 
breadth 


670 
(6.10-7.08) 


n=34 
yu 


62 
(62-15) 


1:38 
308 


15 
(11.55-13.16) 


nel! 


14] 
(1139-1365) 


16 


1 
(13.101472) 


nj 

18 

1453 
(13.10-15.40) 


010 
N 


Maxillary 
toothrow 


340 
90310) 


n=33 
03 


33 
(266-304 


238 
08 


52) 
(499-583) 


nal} 


M 
(4.68-6.10) 


1326 


5,66 
(5,104.11) 


ned 

18 

5 
(5.00-6.10) 


net 
N 


Mandibular 
toothrow 


315 
ШЕШ 


nt 


3.6 
(2,93%) 


nat 


531 
(4.78-6.55) 


n19 


528 
(465-615) 


nz 


511 
(5.40-6.06) 


neh) 


5,18 
64530) 


nag 


Mandible 
length 


10,16 
(957-1061) 


nz 


1021 
0108) 


nei! 


1116 
(472-1923) 


nal} 


167] 
(14.92-18.27) 


1226 


19.16 
(17.82-20.10) 


IE 


19,64 
(1912-2049) 


ns 


Family Heteromyidae, genera Microdipodops 


and Dipodomys continued 
Greatest — Occipitonasal Nasal Maxillary arches Bulla Interorbital — Madlary Mandibular Mandible 
Species Se length юй юй breadth breadth breadth toothrow toothrow length 
Giant kangaroo at, — Q 451 110 211 20 591 02 
Dipodomys ingens (436-460) (162-174) (65-275) — (284300) (560-623) (1950-2090) 
neTotal sample т) nz? na п? nd п 
0 459 UA 210 995 614 20.03 
(440-475) (63-180) — (262-283) (81-304) (560-6549) (18.49-21.10) 
naTotal sample nel? U 19 hil nel! nal! 
Merriam's kangaroo at, Q 5 35 1 | 2 1283 44 457 1446 
Dipodomys merriami 015313) (17441) — (1855-213) (19:234) (13-134) (1148) 402533) — (1361-154) 
nzTotàl sample hell nel nf ns ni nal! тў nell! nel! 
Sources 47 
0 5% 340,343 1921 UN 2276 13.13 451 43 1467 
(46-314) (122-144) — (189-216) (217-2345) (104-137) (11-48) 0349) (1399-1512) 
neTotal sample 1:15 nel! т10' nel! ni ná! n nel! nel! 
Sources 96 
Chiseltoothed kangaroo 0 35.78 40 1218 134 2366 1185 456 481 1601 
fat, Dipodomys microps 026385) (0963657 (6128) — (183-204) (24-250) (121259) (42-487) (433535) (1524-1728) 
n=Total sample nz nell ns! 15) nsi nz] 223 nel nel? 
Sources 196 193 vy 
0 43 43 12.68 19.94 24,14 1185 4n 489 1609 
(346-382) — (3286364) — (120-135) — (192-205) (355253) — (114-1215) 445.1) 45-52) (15.35-17.30) 
naTotal sample hed! fel nah! 15) nsi! ned! nel hil hit 
Sources 70 194 1g) 
Ords kangaroo rat, — Q EA 348 1409 109) 2426 1239 4% 453 15.08 
Dipodomys ordii 04919) (03368) — (127-157) — (187-228) (21-264) (110-15) (4054) 0950) — (1391-1580) 
Total sample RA nz) 1:55 n: m5 ШЕ ШЫ nt na! 
Sources Wide 307 м wa ш yu 30,20 
0 371 3520 1427 210 1445 151 506 467 1508 
056-04) — (84390) — (123-160) — (194-228) (25415) (112713) (2451) 99-51) — — (1399-154) 
Total sample m113 1:39 n] п n6 hell nel} nat! nl 
Sources yu — 3»! л 60 2066" ШУЛ 


Т dae and Carraway (190), eRe 190, Lum ea in Genoways and Brown (9), 
Sinne (132 In Wins and bum (191), Graton (197) 


Large Rodents; Families Aplodontiidae, Castoridae, Muridae, 
Erethizontidae, Dasyproctidae, Agoutidae, and Myocastoridae 
Table in millimeters. Mean and parameters on top. Total number of specimens 

measured and specific number in cited sources below. 


Greatest Occptonasal Condylobasal Baslar Palatal һәй  Mastoidal Braincase 2ygomatic ноа) Mary Mandibular Мий 
[77 Sex ий юй мй мй юй мй brach Breadth Breadth breadth юж toothrow length 


Mountain beaver 9 69.14 1036 44.26 150 3823 5247 1029 1877 46.20 
or aplodontia, (62.68-13.96) (65,33-75.04) (41.35-46.16) (2258-2884) (0404-3624) (47.91-58.46) (9,16-11,36) (1748-201) (41.96-50.42) 
Aplodontia rufa 
naTotal sample п!!! п nett’ п nA; тё тї! т п 
@ n. 70,84 4511 521 30.2 541 1084 85 46,15 
(64.23-77.10) (6571-7796) (4092-4958). (2182971) (23.99-38.92) (48.24-61.29) (9.72-11,70) (16.75-20.36) (4515132) 
naTotal sample htl neh! nett ШЫ ъё nM 56 nase! 
90 59,13 58 511 55.16 18,98 4741 
(51,1-654) (203-309) (419-612) (46.0-64,0) (169-210) (4177549) 
naTotal sample 12135 n9 пт! n:142 12126 1.125 
Sources 117,187 917187 124,18" 
American beaver, 0 129.64 131.88 13094 12135 — 8083 49.01 59,19 4388 98 2305 30 33.00 9 
Castor canadensis (100,84+140, 16) (117.0214615) (121,9-136:4) (111,7-130,5) (407513). (41407) (39.33-47.56) (8237-111.6) (218-286). (27.7-34,2) (28.94-37.46) (73.28-10.54) 
neTotal sample nal} Mall Ne] nal nal! m3 т nal nj neo 


LE NN 
Sources (9 52 $5 WES? $54 24% $524 55280 Wy 


vo 04 13563 —n€» qq wv 404 69 — 09 54M 32 NB 35 NM 
(118.88-158.56) (128,53-141.37) (1216-1324) (115.7-1268) (72.84-85.78) (49% 0145-101) (41.44-46.57) (86.34-109.88) (236-296). (0172-346). (30.35-37.78) (82.80-107,90) 


neTotal sample na]! lh n5 nó ned! nd nó n16 n3 0 — >> тї nd} 
Sources 14 s quss Y Musa vs Usa 16,7 
Common muskrat, 9 64.06 60,18 63.60 50.95 2005 A0 1981 3775 5.86 15.3 1630 45 
Ondatra zibethicus (6040-2132) (55.88-67.14) (604-660) — (48.1-542) (1821-2357) (032-262). (17.47-22.69) (33.62-42.54) (4,95-7,15) (14,0-17,07) (M36-17,34) (39.82-47.30) 
n=Total sample neté nett nef! nef ned}? nef! nad}! nei n53 nei n=16 АГ 
Sources (a£ vag cop 
@ 6468 61.54 6147 5184 132 ASI 19.98 38,18 58] 1532 1648 42.88 
(58.20-69.16) (56.41-68.05) (600-634) — (464-552) (1915-2444) (216-269) (16.70-23.98) (314434) (4,49-7,16) (138-17,28) (1566-1744) (38.78-45.76) 
n=Total sample п16' паб) nay net nby post ns nali п) п=8) nel! naté 
Sources Ө ЖӨ 369,16 
Q0 @4 676 19.05 236 45 624 1582 
(588-2) (639-122) (18-20.1) (19-48) (038453) (42-79) (135-17/]) 
naTotal sample ШЕ ned? nz n35 т% тїй nd 
Sources 36, 36,134 36,1135? 364 11/357! 
North American $ 102,88 9449 10230 9105 — 46594 — 38 33 6813 23" 2 285 021 
porcupine, (91.26-18.50) (84.81-102.15) (98.9-107.5) (87.4-97,7) (28.64-40.63) (3493-4096) (6227-816) (099-325) (13.14-28.33) (26.16-33.04) (62.84-81.75) 
Erethizon dorsatum 
naTotal sample nal! fed? nad па пе?) m 132 1243 Мм тї mi tal 
Sources vy vy 022 02 30229 22 x wi 


Families Aplodontiidae, Castoridae, Muridae, Erethizontidae, 
Dasyproctidae, Agoutidae, and Myocastoridae continued 


ЛИЛИ 
length length 


10498 
(9306-12008) (8853-1045) (970-1119) (878-997) 62-567). (7-5) 


Species Sx length length 
North American 0 0566 9695 


porcupine, 
Erethizon dorsatum 
neTotalsanpk n3 16 
Sources 
00 9-1)" 
nsTotal sample 
Nutra or coypu, 0 11843 
Myocastor coypus 
maTotal sample nel! 
QU 1163 
1096-1354) 
neTotalsample nell! 
Mexican black agout, Q 12 
Dasyprocta mexican 
neTotal sample nel 
Pata, 00 100 
Agouti paca (14097-16021) 
neTotalsample 1117" 


n9 
3 


95 


ns 
ey 


Palatal М 


Mastoidal Braincase Zygomatic Interorbital Maxillary Mandibular Mandible 


jh юй ый a beadh ый occ dw ий 


193 32 386 


105 39 NU 


[1 п) м м м № 
gy 00 NOS 07 py 

4360 X8 — 9 

nal! nel! nal! nal! 

434 1 119 314 M1 

(402-474) (464-563) (684-295) (284-349) (216-208) 

net! ne! net! nell nel! 

50% X6 1! 

nal! nl ns 

8.70 4564 9032 314 
(3691.4) 04648) 0371-1134) (73-3330) 
nel" ne" ош! m135" 


"жуу, Vert and Carraway 199), Зено Неи (196) ariel etal, (193 Taylor (1918) GeArmstrong (1970) 
aloe (1974), Balaison (1961), SeGould and Kreeger (1948), 1s Woods (1973), 11 Gosling (1977) in Woods eta, (1982), 


VdsNelson and Shump (1978), Leffe g 


“parameters created from partial data st 


87 


1 


08 


nel! 


n5 


БМШ) (199-7830) 066-3625] (401306) (0664-3041) (6344-82, 


184 
08 


810 


6081 


pal! 


16.08 
(6369-100.06) 


ned! 


Family Muridae, genera Reithrodontomys, Peromyscus, 
Podomys, Baiomys, Onychomys, and Mus 


Table in millimeters. Mean and parameters on top. Total number of specimens measured 
and specific number in cited sources below. 


incisive 
Greatest — Postpelatal — foramen Nasal Bull Imerorbital Zygomatic Braimase Skull Маху Mandibular Mandible 
Species Sex мй мй мй length length breadth breadth breadth depth toothrom оом length 


Fulvous 00 214 44 319 10.88 1045 8.08 358 
harvest mouse, (20.0-22.45) (41448) (30-35) (1045-1125) (99-109) (165-84) — (325-38) 
Reithrodontomys 
fulvescens 
«Total sample n49' n49 n4 ту туу пт? = 
Western 0 20.90 324 10.64 10.09 1n 32 3,02 10.67 
harvest mouse, (18,84-22.5) (9-406) (971-1119) (837-107) (203-84) — (088-36) (290-311) (10.10-11.52) 
Reithrodontomys 
megalotis 
n=Total sample n255 п=55 nz55 nz55 1255 n255 п=10' Dal) 
Sources 2530 %% Ж 5x E 25,30 
0 am 324 10.65 10.16 787 34 10 1053 
(194-225) (492-35) (988-113) (957-103) (219-85) (29236) (219230) (9.42-11.18) 
naTotal sample п=60 n=60 1:58 n260 nz59 п=60 n10' n10' 
Sources ШШ X3 ЖУ — 33 % x» 
00 2067 44 1% 3,14 1053 103 115 327 
(18.47-22.78) (3.80-5.00) (630-950) (27-38) (917-11.96) (80-110) (69-835) — (28-38) 
n=Total sample nz859 n=148 n2457 n=402 n174 п=859 тй! — n859 
Sources 29011457 291457 QM — 29820, — 2904111", 29011, 
457 457 457 
Salt marsh 00 208 4,07 151 10.05 
harvest mouse, (195-224) (37-45) — (65-85) (93-107) 
Reithrodontomys 
raviventris 
nzTotal sample nz! neh 457 па) 
White-footed 09 2691 5.03 1072 436 1420 176 1010 3% 3,69 n5 
mouse, (444-287) (490-518) (036-11) (400-45) (1297-15) (11.63-11.94) (100-104) — (358-42) (249-394). (1272-403) 
Peromyscus 
leucopus 
n=Total sample nal] п23' nel nel nel п23' n% net? nad! п=9 
Sources 9g 93 93 93 93 
0 26,98 5,08 10.28 435 1406 1187 1044 401 376 1361 
(24,94-28,3) (494-524) (950-1.0) (338-47) (1290-148) (1140-1222) 99-111) (34443) (356-402) (1325-130) 
n=Total sample nel] nz' nel nal nz n:3' nad! n=12 п=8' n=8! 
Sources 98 93 g3 93 93 
00 26.60 9.44 90 998 421 1376 118 34 
Q38-286) (82-106) (82-102) (15-118) 3547) (118-1525) (112-130) (3,445) 
n=Total sample п=000 n-191 n-8  — =191 nz =122 


n=200 n=200 
Sources 13978 1378 1370 13978 113978 11319 


Family Muridae, genera Reithrodontomys, Peromyscus, 
Podomys, Baiomys, Onychomys, and Mus continued 
пе 


Greatest — Postpalatal foramen Nasal Bla Interorbital Zygomatic bone Skull Мийшү Mandibular Mandible 
Species Sex мй length юй length length breadth breadth breadth depth — toothrow — toothow — length 


Deer mouse, 0 1546 5,12 1027 398 1239 11.68 8.98 373 362 1308 
Peromyscus (23,3-27.93) (496548) — (88-116) (35-44)  (1145-14,0) (10.76-12.63) (811-103) — (32-42) — (339-396). (12.06-13.84) 
maniculatus 
n=Total sample n=187 п=10' nz п=187 т т®# 187 тй n=10' Dal) 
Sources 78,109 78,09 — 78,109 78109 78,109 

0 1539 5,06 1017 4,00 13.02 1171 903 369 357 12.90 

(335-273) (462-574) (88-113) (320-461) (11.58-14.53) (10.80-13.19) (819-162) — (327-43) (339-377) (11.97-13.71) 

neTotal sample nz215 п=10' neg m215 0015 т тїї — n2l5 10 n10' 
Sources ШАШУ М — 9*8 guy 97,18! 


90 25.59 9.00 551 10.44 148 394 12.79 11,54 9.16 3.49 
Q34213) (81-102) — (47-665) (81-18) — (284.05) (36-45) (1155-142) (108-1245) (835-99) — (20-40) 


n=Total sample n3] n=226 т NP — n2 тї ®% т  n26 т 
Sources 2281 261 2 % 2611 
Florida mouse, Q 30.84 
Podomys (30,40-31,40) 
floridanus 
n=Total sample n4' 
Northern 00 18,1 6.46 639 351 964 841 311 
pygmy mouse, (17.1-19.35) (6.05-7.05) (606.7) (433-37) (93-101) (8.15-8.75) (29-33) 
Baiomys taylori 
neTotal sample nal? nel! nel! nel?! nel?! 12 nal?) 
Northern 0 26.19 4n 14.04 1243 95 419 390 1363 
grasshopper (25.05-27.87) (44-5) — (12,71-15,3) (11.64-12.93) (9.17-10.01) (345-48) (3.26-4.47) (12.52-15.08) 
mouse, 
Onychomys 
leucogaster 
n=Total sample п=19 nz3l nz3l пе19 one? ne3l n=10' Dal) 
Sources mu o qu 12,19 

0 26,59 478 1427 1262 961 416 429 1439 

(25.28-27.56) (43-510) (12,97-16,0) (12.13-13.05) (817-1007) (372-47) (3,82-4,41) (13.54-15.09) 

n=Total sample nel? 1224 1224 mb nae nz n10' nel’ 
Sources A 8,16 

00 28,38 1026 552 11,34 415 1504 12.42 496 

(07,0-29,9) (93-1.1) — 49-612) — (102-134) (42-51) (13,9-16,0) (11,7-13,2) (43-53) 

n=Total sample nib т т n ne n=101 
Southern 90 254 951 489 9,90 45] 12.74 11,21 433 3.64 13,03 
grasshopper (03,8-27,0) (867-1051) (28-592) — (89-11.1) (42-485) (116-140) (105-12.0) (288-469) (342-396) (12.26-14.03) 
mouse, 
Onychomys 
torridus 


n=Total sample nen?! ne?! nel’ ne?! ®! пт п? n) — nQU n=20! 


Family Muridae, genera Reithrodontomys, Peromyscus, 
Podomys, Baiomys, Onychomys, and Mus continued 
Incisive 
Greatest — Postpalatal — foramen Nasal Bulla Interorbital Zygomatic Braincase Skull Maxilary Mandibular — Mandible 
Species юэ мй юй юй юй мй һы brach breadth ph tot оон length 


House mouse, 9 214 479 176 358 1101 98 19 361 19 1138 
Mus musculus (02-235) 426540) (10-90) 4-390) (1015-1275) 945-1012) (131-199) (834415) 82-310) (10.35-11.83) 
neTotal sample nat n6 nl np — > 5 т ш ы м 
Sources 19 We — qw 19 
0 2114 471 19 359 1091 — 98 15 356 1% 11,09 
(95-234) (12536 — (1348/5) 833) (99-1180) (0201002) (125-809 (3.20-4.06) (2.78-3.14) (10.51-11.96) 
neTotal sample 1:30 nel 0 0 9 9 n 5 м 
Sources 1119 Wig — qa 1119 
90 16 15 13 356 11,16 102 336 
(198-229) — (61-94) (14) 2342) (103-130) (92-119) (31-37) 
m=Total sample m3 5 na n3 — m3 тї n3 
Sources 57 57 57 hy 


Хва, 2aVerts and Carraway (1998), 3sHoffmeister (1986), 4sLowery (1974), 5sParadiso (1968), 6aArmstrong (1972) 
TaWhitaker and Mumford (1972), and Hooper (1952) in Webster and Jones (1982), Вее and George (1990), 9aFisler (1965) 


Family Muridae, genera Oryzomys, Sigmodon, 
Neotoma, and Rattus 


Table in millimeters, Mean and parameters on top. Total number of specimens 
measured and specific number in cited sources below. 


Incisive 

Greatest — Postpalatal — foramen — Nasal Mastoid 

Species Sex length length length length breadth 
Marshricerat, 9 2922 600 
Oryzomys palustris (28.52-31.18) (5.04-6.80) 
n=Total sample ne n 
Ü 35 1M 
(3233-3528) (6747,70 
neTotal sample 15 15 


QU 28% 00 669 114 
(262-328) (88-18) — (54-135) — (05-137) 


nzTotal sample I тй тк пй 
Sources fy e gy 
Hispid cotton rat, 9 3449 11 
Sigmodon hispidus 005361) (107-153) 
nzTotal sample nel6 n=19 
Sources A) 1g 
0 350 1146 
005-330) (122-45) 
Total sample nl nall 


Sources 210 192 


Interorbital Zygomatic Braincase Skull 


Maxillary Mandibular Mandible 


breadth — breadth breadth — depth — toothrow — toothrow — length 

488 1528 1% 455 461 1563 

(4,645.16) (15.00-16.00) (12,53-13.96) (433-472) 422494). (15.20-16.80) 
n5! 15 ns 15 05 ns 

55) 1746 n5 1% 510 176) 

(52-58). (16.94-18.66) (13.38-13.72) (47527) (490-520) (16.69-18.50) 
n5 55 [5] n5 055 [5] 

49) 149 1278 4,68 

(4455) (13,5-16,7) (118-135) (44-51) 

n=98 0200 n=] ne] 

fy rv aa rg 

466 195) W5 "5 6M 666 1931 

(44551) (180-215). (139-1535) (00-128) (62-62) (647,15) (1788-0053) 
[АЙ 1.19 ml nt nell nt? netu) 

e — me 136 

4 199] MA 7 — 60 669 2023 

(44551) (182-213) (1415-15) (109-127) (62-69) — (63-27) (18.20-22.60) 
м — >> 9 9 тй ne) м) 


yy y 192 


Family Muridae, genera Oryzomys, Sigmodon, 


Neotoma, and Rattus continued 
Incisive 
Greatest — Postpalatal foramen Nasal Mastoid  Interorbital Zygomatic Braincase Skull Maxillary Mandibular Mandible 
Species Sex юй length length length breadth breadth breadth breadth depth — toothrow оон length 
Hispid cotton rat, 90 3165 121 93 1488 534 ИШ 15,56 16 
Sigmodon hispidus (33,1-40,6) (111-149) (95-105) (11,9-18,0) (46-62) — (184-254) — (144-1766) (11-82) 
n=Total sample п=7] п25)' na nel] п=7 nel] n=] nz 
Sources var 5027 л wo su 
Whitethroated 9 41,80 16.53 5,64 2295 9A 8.1 2439 
woodrat, (39.82-43.79) (155-174) (5259 (209-250) (9-91) — (195-844). (22.29-26.08) 
Neotoma albigula 
n=Total sample п=10' nel! ni8 m8! nd  — =) n=10' 
0 4n 17,13 580 2330 853 8.26 23.88 
(37.22-44.62) (16,8-17,6) (55-50) — (220-247) (18-90) — (196-860) (21.05-25.80) 
nsTotal sample n=10' nal! mil —— nal ni — ns n=10' 
00 43.11 893 1629 17.60 555 21,90 8.60 
(39.05-46,3) (145-10) (143-183) (165-190) — (50-61) — (19,55-24,1) (18-9.15) 
naTotal sample п267' 129 п=77) n8 т ES naht) 
Bushy-tailed 0 48.72 1057 1867 584 35.22 1817 1558 994 976 89 
woodrat, (43.054,19) (99-115) (166-214) (530-657) (21,5-28.15) (15.48-20.50) (14.26-16.55) (86-1128) (903-1060 (27.49-30.04) 
Neotoma cinerea 
naTotal sample aß nz M! 1523 nz] nal6 n55 т т n=10' Al) 
Sources 10,55 109 14,9455 12,955, 1955 
0 5051 1039 1923 585 2591 1850 1584 1013 93 21,5 
(44-552) (102-120) (17,3-21,4) (5.25-6.92) (2342-2029) (16.65-20.39) (14.76-17.00) (01-1166) (8.68-9.98) (25.95-30.16) 
neTotal sample п=67 паў 0 nel nzM n6 тё nd пф ne]! 
Sources 11156 1119 1119567 9956 11956 
Eastern woodrat, 9 47.29 19.02 670 1555 960 8.65 27.19 
Neotoma floridana (44.64-49.36) (187-194) (65-10) (251-263) (93-101) (840-878) (25.56-28.30) 


naTotal sample nes! nad nad nad! nad! nes! nas! 


@ 4743 20.28 10.36 20.02 19.10 670 359] 18.18 1751 945 872 25 
4332-5030) (183-215) (9,65-11,05) (188-218) (1815-193) (625-76) (233-278) (17.55-18.85) (162-182) (88-103) (817-914) (25.12-29.32) 


n=Total sample n=10' пе!!! nett' n=16 mt т n=16 т! тї! тг n=10' n=10' 
Sources 5 5 5 5, 
90 506 194 192 66 262 192 
419-556) (18.0-21.7) (18.6-22.5) (60214) (239-276) (182-213) 
nzTotal sample nA! n=46' пә по n246' " 
*Dusky-footed 9 49.68 626 25,30 18.60 1575 — 916 870 2503 
woodrat, (43.98-53.28) (5.45-6.96) (22.87-27.02) (16.90-20,14) (14.89-16.44) (821-1037) (8,33-9,16) (23.51-27.31) 
Neotoma fuscipes 
n=Total sample n=30! ® — nj ® 080 т 10 n=10' 
0 51,37 629 2599 189 559 997 871 2572 
(48.03-54.25) (5.77-6.97) (03.35-27.74) (17.37-20.44) (15.09-17.05) (9.13-10.49) (8.20-9.40) (23.00-27.90) 


naTotal sample n30' nei? л) n3) — т т O nat 


Family Muridae, genera Oryzomys, Sigmodon, 
Neotoma, and Rattus continued 


inisive 
Greatest Postpalatal foramen Nasal Мао inrobial Zygomatic Braincase Skull — Maxlay Mandibular Mandible 
Species ш мй юй юй п Мей breadth ә bread depth оон оон length 


Desert woodrat, 9 38.03 19 1413 1665 49] 1971 1589 пи 80 186 23,13 
Neotoma lepida (25,041) (125-89) (125-89) (154-18) (4.55-5.44) (14-2177). (15.44-16.60) (13.00-14.04) (14-935) (138-80). (02.01-24.90) 
n=Total sample пе 137 ТЕШ 137 nz 11544 nel} ne nM net nett 
Sources yy yy y yy 
0 3980 84 1489 17.18 5 2056 1641 M5 — 8M 184 1386 
(33.33-46.04) (155-92) (MB (160-185) (A (18.89-23.76) (15.37-17.48) (13.32-15.67) (7,55-8,65) (7.54-8.13) (22.03-26.20) 
naTotal sample nz ned 0949 nd) 070 т — 071 т ът) т 0 
Sources 4925 4% 46515 4929 
Norway rat, 0 46.82 6.66 293 1691 м1 8 111 230225 
Rattus norvegicus (44.16-50.00) (615-141). (21.19-24.85) (15.75-18.25) (13.84-15.02) (7.21-8.17) 
Total sample nz? nz]! ng]! nz? m? тї п)! пг)! 
M 468 1535 i | 239. 14 щй 1% 150 214 
(43.00-50.29) (60-149) (20.0-2596) (16.39-18.31) (13.56-15.69) (7.15-8.36) (7,32-7,66) (25.81-29.00) 
nzTotal sample nz nal! n5 т тё тёё т лг} nz) 
Sources DAL Ww 1,14 
00 493 165 177 65 30 184 66 
(43,9-51.5) (157-185) (158-196) (10) (00,4-27,7) (112-200) (64-14) 
=Total sample n3) 20 nz n3 т пф} п) 
Black rat, 0 40.66 1% 14,42 5% 1939 16.86 1358 689 663 2 
Rattus rattus (39.32-44.20) (1,00-7,92) (17-11) (546.34) (18.12-20.84) (16.60-17.12) (6,36-7,03) (6344684) (080-2440) 
naTotal sample nah nz ns nz] n5 nah nl — т] nes! n 
Sources rs 7 nm 14 15 105 
0 40.17 741 150 5.94 19.04 16.97 68) 620 246 
(35.68-42.84) (6.86-8.03) (11.27-15.34) (5.45-6.62) (16.95-20.92) (15.32-19.20) (62-165) (636-742) (18.54-24.66) 
n=Total sample m5 ns nz] nz] ne] ns ne] ns! 15) 
Sources MN 25 "ni "n 
00 42.20 146 152 6,04 19,79 n1 653 
(399-469) (137-152) (13-17) (5469) (183-223)  (16.1-183) (55-14) 
«Total sample nel] 1525 1225 nal] ned] 1:25 nd] 
Sources Ши S 2% 2 


Teauthor, 2eVerts and Carraway (1998), 3=Hoffmelster (1986), AsLowery (1974), SaParadiso (1969), 
{дїї (1972), ?=Jimenez (1971) in Cameron and Spencer (1981), 8sHoffmeister (1989) 


The Dusky-footed woodrat has recently been split into two distinct species: The Dusky-footed (N, fuscipes) 
north of San Francisco Bay, and the Bigeared woodrat (N. macrotis) south. The numbers presented here are 
from both species, All are N. fuscipes excepting the "Mandibular toothrow” and "Mandible length" which 
were created from N. macrotis specimens, 


Family Muridae, genera Clethrionomys, 
Microtus, and Lemmus 


Table in millimeters, Mean and parameters on top, Total number 
of specimens measured and specific number in cited sources below. 


Incisive 
Greatest Occipionasal Condylobasal Nasal foramen Interorbital Zygomatic Brinase Skull Мийшу Mandibular Mandible 
Species ex engh мй мй мї length breadth breadth breadth depth Хосон юйюн length 


Southern Q 23.98 зл 24 104 483 и — 1 10,62 97 537 501 87 
red-backed vole, (21.54-26.42) (2241-2564) (23,0-25.2) (633-828) (437-524) (35-42) (1236-1381) (867-112) (8.86-9.71) (482-580) (484-550). (12.68-15.74) 


Clethrionomys 

gapperi 

neTotal sample nal?! n3! — n n3! — n3! т} nA n3 тї n nl nal}! 
Sources 9 wv 313 Fo 


0 2406 np 2361 10 483 39 13.16 10.58 928 535 526 1375 
(22.58-26.04) (22.55.2400 (228-054) (6.23-7.64) (428-525) (3445) (1195-1440) (890-1158) (8.69-9.77) (488-718) (493-598) (1300-459 


ШИ sample nal?! m3) 0109 т} m36 051 п! m3 т# т ns?" nal! 
Sources 33 15393 15332 33 15383 
Q0 2485 2465 151 389 137 5.42 
(25-48) (39257) (231-258) — (68-95) (642). (12,714.25) (5157) 
n=Total sample nz?! n 28 =) кй n8 n=28 
Sources 18,10 18:10 — 1910 18,10 
California vole, 9 28.11 28,13 9M 561 166 1654 1132 10,31 124 658 17,17 
Microtus (26.14-30.40) (26.42-30.19) (612-997) (4.96-6.11) (3.35-4.11) (15.24-18.28) (10.04-12.09) (9.77-11.02) (6.47-7.62) (6.16-7.00) (16.06-18.20) 
californicus 
@ 2882 28.49 931 561 1n 16.78 1138 1058 124 659 1721 
(26.86-31.38) (26.18-30.72) (8,11-10.40) (4.89-6.65) (241-401) (15.26-18.00) (10.64-12.59) (10.10-11.07) (6.73-7.90) (6,17-7,00) (16.36-19.72) 
neTotal sample nal?! n=19 nel? т# т# 0908 2108 nt — nd) тї nal?! 
Long:talled vole, 9 29 26.95 786 5 1n 149 1128 9,96 682 6.18 16.66 
Microtus (26.04-28.94) (24,29-31.63) (621-1046) (4.11-6.38) (3444,19) (13.56-17.91) (10.21-12.77) (9,28-11,15) (6.02-8.58) (5.63-6.67) (641-7) 
longicaudus 


nsTotal sample net?" nah! ni тї т! эт! т! | т! n2 nel?) 


@ 2720 19 — WW 195 5,18 383 15,13 1131 10,12 6M 6.19 15.92 
(2588-2834) (2450-3385) (268-292) (644%) (420-677) (349-433) (13.13-17,77) (10.12-12,74) (9.25-11.18) (585-853) (568-668) (14.58-17.28) 


nzTotal sample net?' my nY n) тї тй пф n) тї 8 nel?! nal?! 
Sources yp? 9m 972 

00 25) 2713 845 31 15,36 6.0 

(0545-305) (25-305) — (12-1045) (43-415). (133-176) (59-77) 

n=Total sample М! тй est nalde т n=146' 
Montane vole, 9 1146 5% 26.89 136 530 359 15,19 1068 99 6,63 6% 1662 
Mkrotus (0540-2936) (24.32-27.23) (262-278) — (6428.94) (4.70-6.04) (32-385). (13.93-17.50) (9,73-11.43) (033-1001) (597-266) (594-7,14) (161-1750) 
montanus 
nzTotal sample nad! 1254 [АШ 1254 1254 167 nab) n4 5! 161 ned! m9 


Sources SA o ww 1950 


Family Muridae, genera Clethrionomys, 
Microtus, and Lemmus continued 


Incisive 
Greatest — Occipitonasal Condylobasal — Nasal foramen Interorbital Zygomatic Braincase Skull Maxillary Mandibular Mandible 
Species Sex е length length — length — length — breadth — breadth breadth depth toothrow — toothrow length 


Montane vole, 0 am 43 4 53 364 15.46 17 1004 6,68 644 16.64 


Microtus (26.14-30.17) (23.68-28.31) (26.1-28.1) (567-853) (4.42-6.12) (271-428) (13.44-17.25) (9,70-11.67) (9.20-11.06) (59-733) (5,84-7,12) (15.06-18.54) 
montanus 
naTotal sample net?" n ът т 6 nd т®ї т т Ne nal?! 
Sources 16/62 1687 1662 
00 2699 21,36 199 347 157] 6.58 
(52-2835) (54-391) — (11-92) (2-37) (143-178) (6.0-7,1) 
nsTotàl sample n — nS 56 n58 т єў 
Meadowvoleor 9 28.69 29.10 19 369 1608 1201 13 69 1767 
field mouse, (26.92-31.04) Q11-306) (7.16-8.90) (32-400). (1054-177) (1102-1245) (650-82) (621-738) (16.45-19.34) 
Microtus 
pennsylvanicus 
n=Total sample n=10' nat п nd тй n=10' n24 10) nal! 
Sources Wa) — Ww 14,10! 
0 28,14 18.68 138 3 15,62 1189 6,92 663 16.98 
(25.97-30,86) (27.0-31.6) (6.46-8.61) 034,04) (120-1671) (11.20-12.25) (632-18) (6.16-6.94) (15.62-18.46) 
nsTotal sample n=10' net! n=10' n23 т n=10' 1=23 n=10' net 
Sources may 1310 13,10 
90 25.83 285 138 548 376 14,33 64 
(38-278) (28.1-29.0) (63-84) — (46-63) — (44415) (125-159) (59-73) 
n=Total sample + ni 601 6 ney 75 п275 
Sources "eo! u) 1164 
Water vole, Q 35.04 3180 943 619 490 20,02 12.63 830 
Microtus (30.78-37.62) (29.23-32.57) (168-1.4) (4.69-7.04) — (8663-527) (17.37-22.36) (11.33-14.35) (7.01-9.58) 
richardsoni 
neTotal sample ned! n2 n3? n3? ® — n3 nal} ne? 
@ 35.29 3251 9n 627 50 20.40 1291 8.38 
(30.12-37.68) (30.12-34.93) (834-1196) (533-129) (4.75-5.39) (18.21-23.34) (11.82-14.37) (129-931) 
neTotal sample nad n39 n29 29 = 0008 29 1229 
Brown lemming, 9 3141 310 13 91 38 21,1 90 19 2036 
Lemmus (27.58-33.24) (94-332) (92-335) (83-105) 9043) (188-23) (84-98) (7,48-8,38) (17.88-22.05) 
trimucronatus 
n=Total sample n=10' na — т п n n80 ns nel nett! 
0 32.19 2 22 94 38 5 89 798 23.88 
(28.52-35.14) (29,7-35,6) (293-358) (81-107) (342) (189-237) (63-98) (158-84) (1888-234) 
n=Total sample nlt nn n3) = nd ne n=10' 


"вао, 2aVerts and Carraway (1998), 3aHotimelster (1906), 4sLowery (1974), SaParadiso (1969), 6srmstrong (1972), 
Tnlackson (1961), Вибе and Hall (1956), 9«Hoffmeister(1989) 


Family Zapodidae 
Table in millimeters. Mean and parameters on top, Total number 
of specimens measured and specific number in cited sources below. 


incisive 
Greatest Ocdpitonasal Condylobasal Nasal foramen Interorbital Zygomatic Braincase Skull  Maxilary Mandibular Mandible 
Species Sex length length length length length breadth breadth breadth — depth оон оон length 


Meadow jumping Q 22.78 20.18 A 1101 989 337 335 11,62 
mouse, Zapus (21.34-23.44) (192-215) 3.94.39) (1038-114). (9.24-10.36) (335-41) (322-352). (11.12-11.98) 
hudsonius 
nsTotal sample 15) ns ТИ ТИ) mM nl n5 
Sources 95 95 95 
0 25 206 422 1067 985 371 343 11,02 
(01.22-23.48) (01-2146) (37-456) (1024-112) (9.73-9.95) (234-40) (326-348) (10.64-11.26) 
nzTotal sample nz}! nz n=8 n=8 >) n=8 nz5' nas! 
Sources 35 35 5 
00 2245 2083 881 425 1032 1031 1n 
(20.75-23,75) (19,3-03,1) (80-100) — (40-465) (37-50) (99-120) (01-00 (23-425) 
nzTotal sample n=?! n=16' nz3 n=50 050 nz! n=50 
Sources y 107,29 18329! 18329 ШЕЙ 
Western 0 2554 2270 458 1263 124 892 433 
jumping mouse, (22.83-25.88) (220-238) (41-496). (11,55-13,31) (1048-11.87) (8.09-9.79) — (410-40) 
Zapus princeps 
n=Total sample n30 naf пй пф n3) — n3) ШЕ] 
Sources May 10% 10,30 
0 2457 22,34 461 12.48 11,20 895 425 
(3.12-26.19) (007-239) (41-524). (11.7-13.38) (10.69-11.79) (839-955) — (28-480) 
n=Total sample n33 тї nz55 n=55 n3 — n3? nz55 
Sources 2 x» 237 
Pacific 0 2424 450 12.53 11,03 835 4,06 
Jumping mouse, (22.21-25.63) (3,99-4,84) (11.74-13.20) (10.45-12.35) (834-941) (373-445) 
Zapus trinotatus 
n=Total sample 4}! тїї ne? nA NAX nz?! 
0 2426 458 1236 11,01 897 411 
(23.14-25.54) (4.18-5.27) (11.62-13.04) (10.48-11.62) (843-98) (371-454) 
nzTotal sample n=60' nij) пф} ni — ná neh! 
Woodland 9 38 9,36 499 1237 10.86 378 405 12.22 
jumping mouse, (23.56-24,54) (8.88-9.72) (4.94-5.13) (12.18-12.52) (10.56-11.20) (3.56-4.02) (3.88-4.23) (11.58-12.66) 
Napaeozapus insignis 
n=Total sample Na! nz$' na! nes! n5' ned! ned! ned! 
0 2380 939 49) 1209 10,58 n 4,05 12.13 
(23.00-24.08) (8,90-9.86) (4.78-5.18) (11.62-12.48) (10.28-10.92) (363-288) (3,84-4,19) (11.62-12.34) 
naTotal sample [Л nah! mé л nah! mé №6 nb! 
00 21 45 121 36 
(222-237) (41-47) (14-4123) (4-38) 
n=Total sample nab' nab п=6' n6' 


Inauthor, 2aVerts and Carraway (1998), 3«Hoffmeister (1986), 4sHoffmeister (1989), SeParadiso (1969), 


6eArmstrong (1872) 7eJadkon (1961) 


Greatest Condylobasal Baslar Palatal bie? Zygomatic Interrbtal Rostrum Braincase — Mastoidal Maxillary Mandible 
Species ш мї юй мй мй юй breadth breadth width breadth breadth toothrow length 


***Coyote 9 19245 89.45 9166 na 28.63 5196 6052 13961 
(New England), (173,76-205.84) (81.30-95.60) — (89.70-101.82) (29.18-35.80) (25.12-30.76) (56.40-60.84) (56.66-62.57) (129.82-148.94) 
Canis latrans 
naToal sample ni 055 II nS — ny м5 ne 
0 207.85 95.77 106.98 35.62 32.29 59 64.67 150.99 
(189,90-220.32) (83.08-104,66) — (100:32-112.04) (32.88-37.38) (29.55-34.52) (57.37-61.68) (61.22-68.20) (13680-15960) 
nzTotal sample nz! Nah! п=6' Nah! ns! Nah! п=6' п=6' 
Coyote, 0 187.09 166.79 1561 88.73 92.99 30.77 1186 56,38 5982 8109 133,73 
Canis latrans (172.35-204.0) (143,0-1899) (120-175) (89-49) — (842-1056) — (260-367) (2 (51.77-59.21) (54,1-65,3) (75,3-86.22) (123.84-143.06) 
n=Total sample 235 ШЕ n=80 37 1% ne 90 1242 ned}! n) — n5 ned 
Sources X5 — qxss qq y aa, 5 30.5" ys ayss 
5,7 ) 
7 192.14 173.59 161.06 9097 97.13 232 2907 55) 6051 — 89 140.20 
(170.0-213.0) (404400) (133.0-188.2) (062-1001) 845-1064) (26.5-37.76) (245-332) (53.05-62.02) (52,8-67,8) (76.44-91.62) (125.82-151.49) 
n=Total sample 139 187 1291 151 пе 1008 n= 108 nb nad! n9 т под 
Sources 300 4033059,8 a1" x" 4x9, 40 0%, 392" xn qos 
v ga" 
90 196.88 18441 99.30 
(171.2220) (162.0-207.0) (86.0-110.0) 
naTotal sample ned! п=57' n57 
Coyotedog 090 13 ил з ABS n6 өл MM 
hybrids ftom (168.8-192,9) (658-1062) — (924-1112) (31,5-38,4) (02435) (524-660) (00-10%) 
Illinois 
n=Total sample nei n=14" nait от тї“ пе netd" 
Gray wolf, 0 242,38 228,54 193.65 130.09 43,03 41,60 66.00 101,70 175.4 
Canis lupus (2136-2805) (191,33-263,5) (183,0-211,07) (11567-1448). (353-505) (344-474) (63.44-68.75) (88.8-118,5) (155.0-201,3) 
naTotal sample n=134 112299 nz) n=150 149 nm пай ni5  n19 
Sources 57,1199 10196 10199, — 10159, — 196119" Ws, 104,119" 
119,149" 119" 119" 119% 
0 259.00 241.05 210.16 139,79 4105 4539 6960 10740 1740 
(210-293). (205.0-286.78) (193.0-228.0) (11217-1565) (351-598) (982-543) (6542-78.0) (815-1215). (161.9-210.3) 
n=Total sample ШАШ пг361 Det? п191 п=191 1758 na? 1.192 n=170 
Sources 18,153" — 1711874, WAT A, may, wq" ma, 17,153" 
15)" 169" 153" 153" 153" 
Eastern 9 315 223 1260 416 34 90 1702 
timber wolf, (2136-2670) (2033-2488) (1163-420) (355-489) 044-425) (91.0-110.0) (155.0-190.8) 
Canis lycaon 
ин м м ми мм ме 
0 2477 215 138 452 408 1037 1773 
0330-2593). 193-477) (224-407) (986-506) 057-45) (656-113) (1655-1944) 


nzTotal sample nz" ШШ ned” — тї" тї п: 23" 


Family Canidae continued 


Greatest — Condylobasal Basilar Palatal Palatilar Zygomatic — Interorbital Rostrum Braincase Mastoldal Maxillary Mandible 
Species Sex length length length length length breadth breadth width breadth breadth toothrow length 


Red wolf, 9 ШШ 205,89 11240 36.60 3 92.47 155,23 
Canis rufus (1985-2470) (1875-2158) (1003-125.5) (321-3) (28.6-38.1) (82,4-100.3) (14146-1682) 
Total sample п=114 nz! bes“ пт" ned" es“ nal" 
Sources 45" 69" 

0 22925** 213,65 118,73 3115 3546 9696 16348 

(208,0-261,0) (196,5-233,7) (1032-1377) (323-453)  (30.0-41.6) (90.0-103,9) (148.1-180.0) 

nzTotal sample nz136 nef" n" — m" тё nU pá" 
әли 4 | = m 
Arctic fox, 9 12540 117.60 1115 61.79 66.58 26.83 45.6 4118 452 8981 
Vulpes lagopus (121,76-128,96) (105,19-130,67) (108.8-115,5) (59.32-64.28) 63.69.69 8) (25.10-28.10) (43,5-47,0) (386-4440) (44,0-46,4) (86.00-92.50) 
nsTotal sample nz na143" ns! п=6 nst ne]! nz ni nag ns 
Sources 56 55 

0 13124 122,28 1145 6484 69.44 27,02 46.2 41,56 465 9553 

(126,70-134,86) (107.41-133.13) (110,8-118.4) (63.66-67.00) (68.0-71,36) (24.18-28.28) (450-474) 6363-4502) (43,7-47,8) (93.70-98.92) 

n=Total sample nz] п=191* пеў Na! 1=13 Nah! ne n3 na n= 
Sources 76 76 
Kit fox, 0 1071 108.88 105.34 5554 5421 5981 2126 17,17 494 3857 УМ 8287 
Vulpes macrotis (104.8-118,75) (98.9-118,03) (994-1153) (497-504) (508-572) — (541-6418) (193-234) (152-1927) (41.60-45.22) (36.26-4049)47.6-54.75) (75.56-89.53) 
nzTotal sample n=19 n245 nz3l nz nel} з n=27 ШЕ nz n3! 32 = 
Sources We — ng 11 8,18" 613519 xs — 1519 6,18" 13418" 6:818: 10,18" 


0 111.57 110.24 105.60 50 5! 59.77 127 16.76 435 3 5275 86.13 
(100.0-12025) (093-118) (0907-1347) (48.7-59.62) (51,7593) (544-662) (193-252) (140-1967) (9014476) (365-405) (473-5603). (81.26-92.04) 


n=Total sample n39 [7] ШЕ] ШЕ nz n=b4 n=50 152 1=32 nA пе =й 
Sources nas ди nw рн! am auem nw? A 101 
Q0 108,84 54,75 59,09 21.50 
(102,21-118.45)* (50,28-60,19)* (54,7-64,33)* (19.78-24,23)* 
Total sample 104 n=104 п=104 511") 
Swift fox, O 111,38,113,00 106% 10194 56,28,5604 6280 31 44,68 5461 85.33 
Vulpes velox (99.80-123,20) (100.68-115,19) (57.54-67.74) (20.27-25.39) (41.82-47.54) (50.94-60.17) (80.07-95.62) 
n=Total sample nz п=13 nez na?! ns m2 п=} nA 
Sources 21,10" dna dla! EE 22 
© 11488,11680 11177 55,66, 59.82 64,32 238 39784000 525 85.43 
(103,54-119,59) (6354654) (23.12-24,7) (516-541) (83,27-86.66) 
naTotal sample nz?! nal} nal! п25 [5] nl n nz! 
Sources 3,10" AN 7, 
Red fox, 0 138.89 13425 122.01 71,03 64,1 7255 265 259 4664 4562 — 6246 99.06 
Vulpes vulpes (1245-1508) (1210-1448) (112.55-141.0) (652-758) (575-688) — (662-942) (23,8-31,8) (179-230) (4523-51.3) (406-4489) (501-602) (92.88-104.20) 
neTotal sample nz137 nz nz M nzl паб п 178 nad ША паб net nz40 nz) 
Sources Өз” келим" 7 7 ү .., y, , 6007 SY ӨЗУ saa, . 
3,417" 247" 37^ 
7 145,81 140,36 128.40 73.56 67,12 75,16 an 21.28 4853 469) 654 105,57 
(1325-1572) (1276-1555) (118.5-140.0) (673-798) (618-721) (6716-908) (228-332) (187-245) (4609-519) (437-498) (568-717) (100,33-111,36) 
n=Total sample 1-153 1239 n=10 п=29 na! ni: 190 n=39 1:153 ns6 n=155 — n4 n=18 
Sources (Mw) мм шу mw BAA, (uw, (uy ee (MED GUY, — 1 


ng a ag ng 


Family Canidae continued 


(муа Balar Palatal Ры ус intro Rostrum Base Мий Madlay Mandible 
Sexis „шш шыш ы breadth breadth wäh beadh breadth toctrow м) 


Red fox, 00 ш 158 686 108 пй M 468 617 
Vulpes vulpes (195-1545) (1192-1405) (052-750) (062-2535) (195-248) (190-210) (457-478) (586-645) 
naTotal sample [ nd! nl п = ы м ni 
Common gray Q m mx М BN 54 $5 — 34 1887 ш o» 80 85m 
fox, Urocyon (111.6-1313) (901-126) (40511755) (140-613) (51-61) — — (49.36-72.6) (200-271) (1497-23,34) (37.39-49.10) (34.0648) (38.16-54.47) (09.39-95.28) 
cinereoargenteus 
nota sample eM 90 MM м5 90 И т} тй т nott 
Sources iY sy 9s 979479" yr vy gy 99479" 2501479" "n 9,10) 479" 
y 479" 749" U n " Am 
0 12268 11692 10788 5558 4% UN 1947 ил лз 4969 B 
(114-1319) (9491-128.04)(101.61-118.49)(44.06-62,36) pH (5105-723) 903-279) (15.18-22.14) (37.94-48.94) (33.33-48.81) (38.76-55.86) 10.81-97.30) 
naTotal sample n5) 600 68 тй nf їйї 08798 0605 00 тї тий п 
Sources A o gru ma en g, Т0, 
ss F! И" y S561" ж" 
90 1179 51 65, 2] M 
(1117-1246) 610-984) (618-688) (017-054) (4.8452) 
neTotal sample elf D nel eh nett 
island fox, 0 M3 59 BYR 4663 5528 з и 3978 3826 us» 1% 
Urocyon litoral (968-1076) — (886-1039) 66 5.) 45001) (1.44614) (270-342) (154-178) (37.6422) (910404) (0854455). (6649-424) 
LLL. ML БЕ. ШЕ. ЖЕНЕН. БЕШ. БЕ. БЕ. БЕ. м Ш. ЖЕ. ЖЕ 
Ü o 90 088 02 и 168 1660 037 RB 5 — n9 
(969-1103) (9012-1064) (851-974) (445-568) (536-621) (275350) (154-183) (916-46) (360-418) (403-463). (68.18-75.30) 


neTotal sample п 007 © nt A е 20007 nett! 


author, erts and Carraway (1998), Зено те (1986), AsGrinnel et (1937) SaLowery (1974), 6xArmstrong (1972) 
Jastorm et al (1976) 8s Walthman and Roest (1977 see and Hal (1936), 10sYoung and Goldman (1944), ЕЛҮ 
Nowak 1972), Tol (1982-1983) in Moore and Collins (1905), 13shgusch (1953), енот (1989), soin , 
‘eM at al. (000) 


“parameters fom partial data set 
"means created with only Young and Goldman data 
*^ Larger specimens from New England have been separated out for comparison with their southern and western counterparts. 


Family Ursidae 


Table in millimeters, Mean and parameters on top. Total number 
Of specimens measured and specific number incited sources below. 


Greatest Condylobasal Baslar Palatal Мий оит Zygomatic — Interorbital Postorbital Braincase Mastoidal Maxillary — Mandible 


Species ex length length мй юй length width breath breadth constriction breadth breadth toothrow — length 
American black bear, Q 26051 24480 2429 1094 130180. © WI 94 nn 118108 ӨЗ Я 
Ursus americanus (235.0-290.0)(209.0-292,94) (183.0-256.0) (1275-1345) 490-594) (1240-1739) — 60-628) (00424) (80-940) (140-172) 
neTotal sample @ м 7 m n о мй | тй nel! 07 тї тй 
Sources XQ? 15,0% wer Qu) qv 122 
O W 205% Ж 2 164106 614 mI 60 83 wi 99 — 10 
(20-48, (2290-3180) (206.0-291.0) (1416-1583) (550-910) (1290-2100) 00-774) (71.097) (122.9-152.0)(85,0-102.0) (158.0-215.82) 
neTotal sample м5 0 тй а а а тй n о тї =) 


Sources X23 18181334 19820 X9 we) 19) 17 104 


Family Ursidae continued 


Greatest (йй Baslar Palatal Мин оит уота Interorital Postorhital Braincase Mastodal Maxillary Mandible 
Species Sex юй Юй length length length ий breadth breadth constriction breadth breadth toothrow length 


Brown or gen bea, Q — 304 29300 26533 0090 608 10569 ӨЛ 
Ursus arctos (13032-3670) (271.5-308.0) (263,0-270.0) (1510-21554) (595-83,14 
m=Total sample 9 nb nm ml mi ml 
Sources 10" N UP MO 
o me s MY MM 180,830 WE MY 
(299.0-422.0) (236.30-429,10) (305.1-343.0) (1248-2089) (1318-2950) (53.10-96.68) 
feld sample м0 ой m0 mb ne! 0 mb 
Sources wy wo» pap vy 
Polar bear, 9 X ЖЛ ny — 15 8150 HY 
Usus maritimus" (337.0-350.0) ИЩИ (15.94-82.18) (195.64-203,95) (19.58-07.26 (64.65-70.19) 
[ШЙ „ nM @ т ту м) 
0 Ж — x 59 М 99 N 
(80-410) 080441147) (87.06-10.62) (242.03-260.39) (97.99-109.04) (70.43-73.67) 
neTotal sample ф м LE м 0 м 


tuto, Л Caraway (1990), Т Л ЛК (1991), АЛДЕ 
ШАШ ТИ Rach (05 64M (20) 


“adults only, and subset of data used to create parameter 


910,40 19907 


N60 2483 


(108.8-166.18) (1085-1265) (2020-28245) 


[ДИ fel nal] 
mp, 29 
16734 m9 85 

(95,1-264.66) (1091-1574) (203,0-287.2) 
nel} mst! 
ge 47 
M5 2311 

(420-151) (80-2386) 
nad! hz] 
ШИЙ 256.50 

(11852-18541) (1384-278) 
18)! ne 


Families Otarlidae, Odobenidae, and Phocidae 


Table in millimeters, Mean and parameters on top. Total number of specimens 
measured and specific number in cited sources below. 


Greatest — Condylobasal — basar 
уке и и юй юй № 
Notenfurgd, — Q Ti 123 
Callorhinus ursinus (160.0-190.0) (ШЕТ) 
Tota sample ne ne 

Ü un 240 
neTotal sample [ nel! 
Stellers sea lion, Q 3068 2168 
Eumetopias jubatus 0000-3120). ШУ 
neTotal sample [5] [5] 

0 HN 312 

(450-340). (2010-3530) 
neTotal sample ned! nef! 


Californiasealion, Q9 M 
Zalophus californianus (232.92-253.29) 


neTotal sample n3 


0o W m 104 
(6522-348) (0610-930) (232.0-2640) 


Total sample nell fel’ =) 


Zygomatic — Interorbital Braincase 


breadth Мей breadth breadth 


93! 219 05 
(92.0-107.0) (1834-2354) — (830-950) 


na}! п} п} 
1460 450 8.0 


682 RY 135 
(1650-1750) — (610-940) — (1210-1260) 


Nas! 155 Ms! 


VI MR m 
(2030-2340) — (830-960) — (1250-1391) 


[57 n [5] 
1327 38 10039 
(196-166) (2852-3734) (9121-100) 
neg! n4 ned! 


15871 qM 10586 
(1440-1750) — (440-540) (1010-1140) 


Mall naldl eld! 


Maxillary Mandible 
toothrow length 
454 106.19 

4504585) (60-00 
nz) п} 
110 1730 
nef! net? 
10856 ЛЫ 

(1060-1160). (214.18-229.0) 
[5] nal! 
1939 m 

(1260-1456). (266.0-291.24) 
nil [51 
154.78 

(19972-11061) 
nd! 

9186 200.9 

(20-50) — (1850-2170) 
held! 11 


Families Otariidae, Odobenidae, and Phocidae continued 
Greatest — Condylobosal Юй Palatal Zygomatic — interorbital Braincase  Mastoidal Maxillary — Mandible 


Species Sex lengh юй length length breadth — breadth breadth breadth  toothrow length 
Walrus, Odobenus — QU. 3610 2500-4300 ШЕ 81 28532 262.64 
rosmarus (319,0-396.) (203,54-274.60).(71,89-90.14) (1646-3221) (292129039) 
n=Total sample 15) ў [5] 15) 15) 15) 
Harbor seal, Q Ms 1969 178.1 859 T1 125 99 4662 13040 
Phoca vitulina (182.66-221,04) (1800-2100) (1610-1900) (77.86-93.68) (106,74-144,01) (865-1240) (0-0%) 975-5721) (11607-151.42) 
neTotal sample nz nz Nas! ned! nal} nal} zl nz 13 
Sources 5g 58 58 58 
0 20187 ШЕ 18550 0504 126% 1450 94.76 $090 140 
(10486-21672) (2100-2130) (185.0-186.) — (017-953)  (104.20-147.88) (1224-1686) — (946-991) (10990-14466) 
neTotal sample n5 nel ned! ne nel nel nel ned! nel 
Sources 25 25 10 25 
Northern elephant seal, OQ — 26329 11642 3491 17) 177,01 
Mirounga angustirostris (232.60-311.0) (15688-2074) (29.76-44.48) (138,12-154,92) (M830-22140) 
neTotal sample ne) nz) 13 13 nz 
0 51233 302.67 $3] 15 357.67 
(499.0-525.0) (292.0-311.0) (59.38-65.27) (262.26-278.96) 0520-3801 
neTotal sample nj nj т} n т} 


"ваи, 2aVerts and Carraway (1998), 3sLowery (1974), A=Heptner et а, (1976) in Fay (1985) 


Family Procyonidae 
Table in millimeters, Mean and parameters on top. Total number 
of specimens measured and specifie number in cited sources below. 


Greatest — Condylobasal — Basllar 
Species Sen lengh length teng 


Ringtail Q0 1640 1401 68.19 
Bassariscus astutus — (1040-8494) (698-8310) (66.0-71.0) 


naTotal sample nz 185) ne 
Sources go sex 66 


70 7949 1616 1051 
041-34) (1340-808) — (6810-724) 


neTotal sample 1:10 Ned] neid 
Sources AL 9n 3407 


Northern raccoon, 111.69 108.84 100.76 
Procyon lotor (936-1265) (894-1205) (92.61-111.0) 


neTotal sample nz 161 124) 
Sources Wu: 00018 A 
1232 


0 16% 11368 10565 
(36-355) (1018-1260) (0693-1161) 


nzTotal sample n=119 1=103 1243 
Sources Was, xm" — x 
Wa МУЎ 


Palatal 
length 


Palatilar 
length 


32.86 
915352) 


n=10 

06 

15 
0356.1 


n=10 

Pr 

63,08 
(56-714) 


1240 
017 


4n 
611-48) 

1:58 

4513 


ШОШ 
breadth 


4641 
(008-501) 


ned] 
8466 


4901 
(537-554) 


U 
53g 


131 
(48.03-82.7) 


n=110 
ШҮ 
1232 


1470 
(578-9066) 


EU 
30197 45, 
21330 


Interorbital 
breadth 


154 
(40-11) 


nel] 
384 60 

155] 
(143-177) 


1229 
38316 


30 
(1557-2887) 


n=104 
N , 

12/32 

2386 
(193-288) 


1141 
3/145, 
21338 


Braincase 


ИЛ 
015351) 


Ne] 
34 


35.19 
02113) 


Nah 

33 

4984 
924-5653) 


1:58 
308 


531 
(439-5885) 


1:08 


Mastoidal Maxillary 
breadth breadth — toothrow 
ЗИ 2975 
(219360) — 092-3116) 
n=18 13) 
000 30 
3488 34 
(33379 — (85318) 
Ne П=14 
pns 31" 
54,39 3881 
(53-85) — 0129-42) 
n=14 n=l) 
NO 100% 
683 3915 
(42-7) — 0485-465) 
n=l} 1273 
NOS EE 


30.1349 


Mandible 
length 


5141 
(46.54-58.72) 
netd 
3 
589 
4473-560) 


021} 

340 

8125 
(12.41-86.17) 


1:38 
EU 


859 
(1465-9133) 


nz) 
3010 


Family Procyonidae continued 


Greatest — Condylobasal  Basllar 
Species ш юй ий кф 
Whitenosed 9 1210 11655 


coati, Nasua (119.44-126,75) (96.16-127,0) 
nari 


Total sample nel} 115 
Sources 16 18 


О 190 12546 
(123,27-138.00) (121.08-130.25) 


nzTotal sample all Ne] 
Sources 47 ey 


Palatal Райа 
length моі 


1628 
(126-394) 


1:13 
76 


n9 
(762-6578) 


fall 
07 


Хаи, 2sVert and Carraway (1998), 3=Hoffmeister (1986), A=Paradiso (1969), Seto ee (1974), G=Armstrong (197 


TsGtinnell et al. (1937) «Goldman (1950), 9=Meir et al, (20040) 


Zygomatic 
breadth 


64.11 


(730-5685) — (0566301) 


121} [:\} 
76 16 
7100 289 
(59.20-82.78) (25.50-32.48) 
n=10 nal 
37 07 


Interorbital Braincase 
breadth — breadth 
2% 46,09 


Mastoidal 
breadth 


87 


(555468) (42.44-46.10) 


hel! 


ШЕ 
(46.7-48.0) 


nal? 


n 


47.39 
(44.41-49.19) 


hz] 


[ 
toothrow 


4136 
(60485) 


hz] 


4821 
(66504) 


nal} 


Mandible 
length 


$7.33 
(83.76-91.66) 
п 


9.12 
(87.98-98.65) 


z]! 


Family Mustelidae 


Table in millimeters, Mean and parameters on top. Total number 
of specimens measured and specific number in cited sources below. 


Greatest  Condylobasal Baslar Раа Palatilar 
Species Sur lengh мй мй мй depth 
American 0 mn 15 $411 335 9% 
marten, Martes —— (6266-788) — (6651-8625) (808-6909) (48-308) (208-47) 
americana 
naTotal sample [ 12361 ned] nell т 
Sources 20,4 2712020751307" I $5 
0 m 8026 1093 «Qn — 3m 
(69.20-87.92) (6730-8884) (6459-428) О 03087) (350-393) 
nzTotal sample n:36 nl n=66 n6 тй 
Sources um qf q 51 
111493" 
Fisher, Martes Q 1012 10056 918 50.09 
pennanti (080-1053) (544% (872-104,11) (48,0-522) 
neTotal sample na ndi net) 110 
Sources quo —305 — 3 
o qm 113,69 1049 587 
(128-1352) (98.19-10.15). (1015-1074) (565-60) 
nzTotal sample 100 1561 nel hel 
Sources Ww о qs 
me ot ot. Y — 39) 33.95 154 
tailed weasel ШЕ 015310) (1478-1590) 
(northern) 
Mustela erminea 
nzTotal sample fel! fil ned! 
Sources 130 
Y A 387) 1867 
(4320-4603) (3564452) (1741-1940) 
nsTota sample n5 n) 15 
28 == 


Sources 


* 


Zygomatic Interorbital Braincase 
breadth breadth breadth 
4054 16.26 334 
0500470) — (162-185) (30.76-35.88) 
n:60 1260 12) 
DENS QINSS 0715 
46,17 18.15 49 
(37.78-53.1) — (1506-2005) (30.78-38.19) 
1:83 1:02 nz] 
QUO — QU, QU 
5,11" 90 
И 2A Q3 
(51.12-67.14) — (198270) — (41,14-45,00) 
nz 1220 n=l) 
л —97 37 
1103 59) 457] 
(60608364) (360-2734) (46415) 
netd п=18 ne! 
109 1018 
19.49 826 
(14230) (12-103) 
i3] nz 
130! 
34 106 
(204-288) — (84-133) 
1:90 1:08! 


Mastoidal 
breadth 


13 
(2880-368) 


nz) 
QS 


356 
901394) 


ned) 
12451101 


4520 
(43,1347.0) 


nel] 

1017 

53,44 
(49,87-57,22) 


n:19 
109 


11.4 
(154-194) 


31 
130 


03 
(180-235) 


Maxillary Mandible 
toothrow length | 
2138 45,16 


(2483-2979) (4122-5089) 


n35 nad 
my ШП 
2989 50,94 
(2,27-32.0) 0208574) 
125) n54 
Qua — gm 
4051 67,17 
(38.09-43.86) (64.06-80.46) 
nz nal} 
3n 
8156 
(76.70-87.20) 
nal! 
11% 1941 


(108-134) — (1860-200) 


131 nad! 

M 

1381 4 
(23-166) — (2228-2488) 

nz) ns 

288 


Family Mustelidae continued 


ЛЛ И РЫ Palatlar ноа beben Мыш — Maury Mande 


Ermine or ot. Q — 3551 32.01 30.00 1387 1654 131 14,88 1537 9,3 16.45 


tailed weasel (3392-3652) (3092-3369) (267-35) (1318-1450) (144-189) — (63-84) — (1385-1666) — (131-187) — (836-127) (15.22-17.70) 
(southern), 
Mustela erminea 
n=Total sample nett' 1=28 n=75 nel! ns? п=77 n=26' neg nel n=37 
Sources 262 2649 26,244 26,249 262,49 26,11 
o 408) 3554 34.44 16.24 19.66 8.66 16.35 17,87 1183 19.11 
(3871-4432) 036-3742) — (29.8-40.7) — (15.20-17.70) (120-243) — (10-106) — (15.13-12.61) — (150-206) — (80-150) (17.24-22.36) 
n=Total sample nel?! n=28 n=125 nel?! n=121 п=127 n=26' n99 n=127 n=38 
Sources 262 20,99 1629? — 2029» 251299 26,12 
longtaled 9 425 42.66 38.45 1756 26 9.10 19.76 2031 1396 24 
weasel, Mustela (38.40-46.62) (3479-495) (3355-473) (16.1-20.0) (193-274) — (166-108) — (1837-224) — (172-245) (1009-169) (19.68-30.10) 
frenata 
n=Total sample nzM' 112259 nz138 п=10 nzM9 nz150 125 п=124 n=147 п=39 
Sources 25/5), 25.5, 85 2515,2, 25,5 Y, 931, 25.5), 25, M! 
12,217" 3,105" 12,105 12,105 105° 125,105 
v 4% 4187 438 2043 23 1166 1078 21,69 24,04 16.36 2146 
(4560-536) (39.49-54.52) (3732-5) (178-2262) (184-220) — (2203-332) (855-1300) (19.28-25.18) (21,4-27,7) (1271-189) (22.83-31.85) 
n=Total sample n29 nz522 n=282 n10 т? n9] п=293 n=64 n=229 n=276 n=]8 
Sources 722 574, 570, 46 5,0% PO 57 4,101 54, 5a 
41457" 101211 ШИШ ША qam 4211" 
Black-footed 0 6454 618 32 3871 16.26 34,83 2033 
ferret, Mustela (60.1-68.4) (63-408) — (153-173) (325-31) — (188-245) 
nigripes 
n=Total sample п=13 nal! nal! Ne] Ne] Ne] Ne] 
Sources 1, vg ve ne 16 
o gg 6763 32.40 412 1123 29.11 3601 20,03 42.28 
(62.50-69.96) — (61.71-73.13) (20.07-34.04) (38.05-46.17) (15.78-19.02) (26.86-30.42) (32.60-38.17) (193-206) (39.01-44.25) 
n=Total sample nel! n=33 =]! n=9 net n=]! n=10 єў nz?" 
Sources 3,30 27 "a? 37 
Least weasel, 9 303 30.21 ЛА 1193 15.11 622 13,92 931 15.20 
Mustela nivalis (29.04-32.96) (26.88-37.31) (2477-288) — (100-14) (137-165) — (52-72) (123-152) — (85-98) — (1367-1678) 
n=Total sample n=10' п=72 п=14 13 =15 n=16 п=16 n=16 nz}! 
Sources 369" DER 1373" 1373" ny 
o X 3297 29.47 11.10 17.05 700 1544 10.15 14,85, 15.92 
(3028-3546) (29.41-43.99) — (276-307) (152-180) — (63-78) (10-163) — (96-150) 
nzTotal sample n=10' n=103 п=16 nal! nz nz3 n=24 n=24 na?) 
Sources 9:94" qms 1977 m m 


American mink, Ф 5664 61.25 56.36 24 2531 35,18 137 27.94 29.50 20.19 364) 
Mustela vison (5328-601) — (648-730) (51.73-65.69) (23.40-26.38) (34-275) — (303-4387) (11,8-17,0) (25.00-31.37) — (269-31) (16.15-23.63) (30.58-45.96) 


n=Total sample п=16 ne4] пе29 n=10' n=16 1253 11247 225 п] 1225 n=29 
Sources 6,10 1961012 — 1910 6410 — 19,6610," 1961012" 19,6 8,91" 19 60 19.10 


© 645 6739 6127 2109 28.24 39.00 1543 28.93 33.95 21.74 40.67 
(58.32-70.6) — (616-7641) (55.54-69.94) (24.50-28.47) (250-314) 635-4590 (125-187) (26.45-32.81) (310-321) — (190-2531) (33.47-47.30) 


n=Total sample п=28 n=88 n61 ШЕ. n=49 n=106 n=95 n=50 nz5] nz nad 
Sources 199 — 3413015? — 393 1930 311912, 3149, 3119 1230, 3112 319 
2915" 3015" 


Family Mustelidae continued 


Greatest — Condyobasal Baslar Palatal Мий Zygomatic  Interorbital Braincase Мо — Madlay — Mandible 
Species Sex юй ий lengh юй юй breadth breadth breadth beh оон length 


Wolverine, 0 MS 13196 120.13 694 67.25 9484 39.05 1852 4997 9161 
Gulo gulo (135,77-150.5) (121,52-M740) 1537] — (65.6-72:5) (653-683) — (898-996) — (360-394) (14-095) — (466530) (0124790) 
n=Total sample nall net ns! п! п nel nel} nah! nz" п 
Sources $5 $,107,55? 6,10" $9 

© 180 14496 1192 03 746,750 104.74 4121 80,907 51 10349 

(15.18-17.42) (128.65-156.12) (69.1788) (050-1118) — (386-46) (29-556) — (9845-1095) 

naTotal sample nel? nett na! nq nad! nal 31 na 1.28 naid! 
Sources 115 134190 320" QN" — Vy" 32 
American badger, — 11647 123.66 11146 538 11% 2,4 57,12 157 41.18 83.75 
Taxidea taxus (107.98-122.16) (113.86-136,66) (104.6-122,24) (523-014) — (128-8656) (427-3201) (53.92-61.04) — (708-790) — (386-4431) 0566-3390 
л Тоа! sample nal! 1:52 ШЕ] ns 1.52 ned n30 mal 139 140 
Sources 30005687 305 qs! 30538" gg 09 30,10 


o 1214) 12603 11443 61.94 61,65 81.46 286) 5841 1837 41.69 88.07 
(02.113158) (01587-13860) (14.012442) (586-663) (565-644) (689-918) (243-3392) — (5593-617) — (696-869) (374-4541) — (81.99-96.16) 


naTotal sample na]! 195) 1:38 nid mb nz] n:52 m30 nag má) 050 
Sources wa! ЖИР 08 021982" 30120872" wa — xy — 3x 


Northern river 9 10604 111.4 9136 4841 48,55 6953 B75 55,38 639 3585 6598 
otter, Lontra (101.52-118.5) (100.43-126.82) (87.5-106.1) (46.31-49.14) (458-519) — (6167-75.1) — (2208-263) (53.36-58.21) — (567-719) — (229-387) (59.83-72.55) 
canadensis 


nzTotal sample nzl n=130 п=13 m5 nell n=20 n=19 nz n=18 n4 n=14 
Sources A AP PPAT ЇЙЇ nus yn 35 WARTS RIAS y 


0 1 115,10 10037 5089 50.94 118 24.56 56.81 6128 39 68.56 
(10606-1293) (10216-12845) (958-1174) (49.10-52.16) A (653-823) — (0192-293) (5480-5818) (6238-755) — (0524400) (65.97-72.06) 


ШИ sample ns 1=138 n=12 nas! nel? n=20 hz nel n=19 nz n=10 
Sources 488) 281080 225 48 uns 2485 15 1005 124 2g 
Sea otter, 9 1300) 127.70 58.16 9563 3661 91,74 19:99 
Enhydra lutris (125.14-133,53) (115.0-136.0) (55.20-59.38) (0252-980) | (2526-3883) (88.66-94.02) (7134-854) 
nsTotal sample nd! na149" na nz nz п8' п 
о Ww 134.97 61,84 103,78 4129 99.71 87.45 
(137,90-148,60) (124.0-144.0) (59.52-64.64) (100.90-108,18) (37.89-44.10) (96,84-102.56) (81.37-95.78) 
Total sample m8! n2123 nsi! ni nah! mn! m8! 


tnauthor,2eVerts and Caraway (199) 3eHoffmetr (1906) daParaciso (1969, Sa wer (197) GuArmsrong (1972), "The northern data for Eine included specimens from Alaska, Canada, Minnesota, and North Dakota. 
JuGrinel tal (1937, Babe and Hal (1956, НЫ (1951), 1OuRoest (1973), Rausch ҮҮ (1989), The southern included the remainder o the lower 48 states 
13aMa et al, 200) "Only northern specimens, which are larger thao southern anima, Included for “Greatest eng." 


Family Mephitidae 
Table in millimeters, Mean and parameters on top, Total number 
Of specimens measured and specific number in cited sources below. 


Greatest — Condylobasal Baslar Palatal — Palatlar Zygomatic — nterorbital Braincase  Mastoidal  Maxilary — Mandible 
Species Sex length length length length length breadth breadth breadth breadth оон length 


Westernspotted Q 5395 5192 4566 1881 255 1460 3510 18.59 1686 25 
skunk, Spilogale (49.44-58.66) — 452-5803) (40.1.5153) (163-207) — (88-3945) — (125-166) (2231-2898) — (46-321) — (1488-1878) (29.67-39.26) 
gracilis 


Total sample ШУ ШЙ 1156] ШЕЛ 1223 nel} 3j 1238 11:55 nz 
Sources Way — ww ww Wi — ww we Wég УШР xw 


Family Mephitidae continued 


бым Condlobasal Baslar їй Рай упис юн Braincase Мн Майу Мий 
Species ш ий мй юй мй мй een bread breadth breadth юн length 


Western spotted С 5896 55.96 49.27 20.26 36.04 15.48 26.17 31.68 1805 3646 
skunk, Spilogale (518-636) — (415-6262) — (05-5571) (78-27) — (19-4078) (131-1957) (23.17-28.91) (281-352) — (155-2061) — (0246-4048) 
gracilis 
naTotal sample п249 All) nett п=76 net] nal 18 пг5 пф nel n:45 
Sources 39,10 %%% a y» 3303€ 351377739 y" mr 35, 
Eastern spotted 0 52.77 46.78 19.06 31,95 1437 ПЕ 17.67 
skunk, Spilogale (53-588) (401-524) (160-214) (80-353) — (132-153) (54-34) — (152-194) 
putorius 
neTotal sample па)! 298! fel 9! 1:88' netid’ na100' nal? 

@ 552 4928 1987 305 15.06 29.29 1831 

(46.7-61.9) — 414-545) (165-27) (08437,8) (123-169) Q54-42) — (155-205) 

nzTotal sample n=168' n=164 n=188' n=166' n=185' n=167' 1=208' 


Striped skunk, Q 72 n5 60.70 28 155] 4576 20,60 28.94 38 2601 05 
Mephitis mephitis — (6902-815) — (610-772) (940-6795) (2592-2921) (222-288) — (08/6493) — (183-2390) — 0754-298) — (325-406) (003-2946) — 402-51.) 


n=Total sample п=83 n=120 nA) 153 п=35 n=120 147 m.12 n=108 п=85 n=18 
Sources 57246 12,120,524 11024 11704 10011720), 53,24 imag! 1,54 1210953 D 


o mn 7498 6507 2971 1M 48,33 1196 2946 407) 2646 49.43 
(6194-8797) — (63-8341) (549-7303) (2681-3270) (39-320) (398-550) — (189-254) (2697-3235) (327-471) — (208-3216) (45.18-56.23) 


nsTotal sample 1:89 1.146 1:55 nl n nald5 1255 1222 13124 netto n230 


Sources 60,2118! 22,12,31, 607,21" 271221 Qo 2035602! 271272! v3 8 2S 22018 
00 608 564 242 402 191 32 213 
(585-697) (525-600) (27-269 — (13457) — (175210) (320-383) — (197-27) 
n=Total sample net" net net? ТАШ net net nel! 
Hooded skunk, 963,59 61.94 5426 22.76 40.01 19.07 33.18 1273 40.88 
Mephitis macroura — (5184-6294) — (609-638) 6345-5520 (217-242) — (0754125) — (184-195) (309-349) — (212-223) 059142110) 
n=Total sample neil! ns! тй п ns n! n3 na nel! 
o 6823 6552 518] 01 42.58 2046 35 22 4380 
(6426-240) — (629-724) — (552-637) Q14665) — (84466 — (18-220) (334-399) — (06233) — 42674557) 
naTotal sample nas! пеў па паў пз na m9 п: пг 
White-backed 0 7005 БШ 58.05 26,66 43,10 2170 3666 251 43,79 
hog-nosed skunk, — (65.02-75.18) — (622-735) — (549-648) (44-301) (87475) — (195-246) (330-395) — (18.1235) (40.74-47.18) 
Conepatus 
leuconotus 
nsTotal sample nel! 0250 na53 1261 1551 58 [77] пф nel 
Sources Y 10,43) 10151 10% у? Was Al 
© wo 2159 6234 877 46,14 210 359 2265 49.27 
(614-8450) — (664-763) — (57.7-66.1) (258-209) (406-540) — (201-2610) (348453) (ИЛ) (46.88-52.50) 
n=Total sample neo ned nod nad] 43 na na] nd nel 
Sources 1,132 93 yy mar 19,1720 mis AE 


Ys author, 2aVerts and Carraway (1998), ЗеНоН вле (1986) dat owary (1974), $sVan Gelder (1959), 6sdmitrong (1972), 
TaVerts (1967), BsGrinnell et al (1937), 9aVan Gelder (1968) 


Family Felidae 


Table in millimeters, Mean and parameters on top. Total number 
of specimens measured and specific number in cited sources below, 


Greatest — Condylobasal Baslar Райа Zygomatic но — Rojtum Braincase МЫ Maxillary Mandible 
Species ш length мй юй length breadth breadth Width breadth breadth юн length 


Domesticorferal Q — 8935 62.86 30 39.76 59.02 
cat, Felis catus (7150-9928) (5482-6840) (1448-1900) (36.10-42.64) (50.80-64.00) 
naTotal sample n5' nes! Л m5 00 
o 53 66,99 1803 4n 62.18 
(89.32-101,00) (42094) (15.86-19.90) (41.124459) (56.74-65.86) 
nzTotal sample nz nad! nz nz nz 
Cougar or Q 18129 166,46 137,14 05 12545 3145 53 68,73 68.36 57.03 123,93 


mountain lion, (1005-1942) (138.0-197.20) (120.0-168.0) — (685-738) (11487-14995) — (334-4406) — (491-51) (5734-790) — (550-793) — (529-6304) (11338-14451) 
Puma concolor 


neTotal sample Шы n=85 [211 nal ned Ned 4! таў Ше] nz3] 1=28 
Sources 4% 2424 WA 24192 25412! 32 2192 a 
© 206 184,52 159.07 80.21 144,92 43.56 53 11,93 8381 6311 141.69 
(199.00-220.02) (155.0-204.17) (136.0-182.6) — (77,8-85.0) (131.81-160.0)  (38.51-48.0) (55.3606) — (66.63-77.06) — (599-964) (575-6681) (128:58-150.75) 
n=Total sample nz n=88 n3] nz п251 151 st п=28' п=15 nad nad] 
Sources 10256, 201006, 289 wo A 28102) wy» Ж 20109 
29 3,237" 032 032 y? 
Ocelot, Leopardus Q 127,1 816 218 401 80,04 
pardalis (74.74-83.80) 
neTotal sample nal! nal! nal! nal! ne]! 
O qu» 148 9694 236) 39.44 8181 
(1210-1423) — (140-115) (80-946) (218-252) (55-35) (77.80-96.38) 
neTotal sample nz] na} nel fel ne] nab! 
Sources 4 yA yu 3 
0 
(117.0-140,7) — (118.0-132.0) (1030-1180) (86.0-96.4) (190-295) 
naTotal sample na" пг)" пе)" пе)" пе)" 
0 
(129,0-158,0) (130.0-139,0) (1050-1390) (900-1080) (40-320) 
nzTotal sample nz nal" nal" nz" пе)" 
Margay, 00 Y 839 619 166 45 29 58.25 
Leoparduswiedi — (866-1070) (811-00) (559-222) (149-191) (41,0-46.6) (4-307) (52.50-61.68) 
n=Total sample n3? n3" n3? n3?" n3?" 13319 nel! 
Jaguarundi, QO 950 945 34 615 170 M4 298 6194 
Herpailurus (8657-161) — (812-1092) 934416) — (556-727) (133-208) (40,3-48.5) (262-332) (54.90-67.76) 
yaguarondi 
neTotal sample n23" na" n3" n3" na" na" na" halt 
Canada ули 912409 112.86 102.61 45.20 87.51 2783 56.93 53.10 40.46 8195 
Lynx canadensis (117,60-129,30) (98.99-12.24) (99.49-105,66) (42.68-47.66) (8218-9140) (25.83-30.18) (54.24-58.78) (51.07-55.38) — (39.194259) (78.50-87.14) 


n=Total sample m9 1135 nad! nz n=13 n=13 п=13 nah) nad! n=13 
Sources 4131" 49 49 49 49 


Family Felidae continued 


бим — Condiobasal Ми һин Турс во Муш Braincase Mata Мий Мий 
вз и юй юй юй юй ый ый мї Мый beadh tale мй 


ей O 13028 11002 1066 qx NM 240 39 $a 394,027 Ww 


Lynxcanadensis — (17441-12582) (10404-12640) (1944954) (83.02-96.50) — (6543240) (5548-6030) (49.52-59.04) (16.58-88.24) 
neTotal sample nj 115 nel! 19 nell 11! 10 nel nz 10 
Sources И 179 ny ny 19 UU ny 


Bobcat, Q 166 Mé 75 00 — 8 230 33) 34) ИШ 667 18,55 
ШИ (105813660) (9906-1328) (90.84-117.07) (392-457) (760-100.11) — (90299) — (02-336) — 499-573) — 483554) (321-4266) (222-490) 


nzTotal sample ned] 19% 1:58 117 78 nen net ned [2] ch / 151 
Sources ESA 0061976" e ws ARI AA 1099 0760957 0 


0 1880 "35 10% — 6% 0 55 2 ЯЛ 54 18 89 
(1145-14520) (420-1345) (8-186) (24-5367) (94-1433) (05-07) (297-365) — (08-984) — (489-6200) — (245-4292) (7493-9492) 


nzTotal sample [ 1111 nah] 0 п 19) 18 nei! nd 156) nel} 
Sources | ШШ ШУ : 92 | LL) ШШ ШШ | BAAL А u 
Jaguar, Q m8 1931 gx 1440 43 9257 6, 14835 
Panthera ола —— (203.89-247,50) (83.76-97.90) (15386-1554) (86.46-98.66) (139.04-158.02) 
maTotal sample nah pal! f а) nel? 13 pal 3 
Sources 13 ny 

7 ЖИ n4 95 mS 34 10370 198 15761360 

(8502-2750) 242-205) (3.2-10673)(1655-188/) — (487-524) (9786-1000) — (062-827) 

neTotal sample nd hal! hel! 1 nel! nal! hed! had! 
Sources n " 

90 2182 1652 41 678 

(1710-2760) (1290-2120) — 038-81) — (554-098) 

nzTotal sample 1110 1112 011009 110 


жао 2eVerts and Carraway (198), 3eoffmeste (1986), inne at al, (1837) Ssoldman(1946 in Hoffmeister (186), 
Goldman (1943) in Hoffmeister (1986), 7=Armstrong (1972) &sLowery (1974) 9sSeymout (1989), 10eMurray and Gardner 
(1997) 11= Olvera (19960) 1де Ова (19900), 13=Hal 1881), 14=Mel et al (20040) 


mean calculated without Hal (1981) 


Families Delphinidae, Trichechidae, Equidae, Suidae, 
and Tayassuidae 


Table in millimeters, Mean and parameters on top, Total number of specimens measured 
and specific number incited sources below, 


Greatest Basal а Nasal Braincase Zygomatic Greatest Interorbital Maxillary Mandibular — Mandible 
Species Sex length юй lengh length breadth breadth width breadth — toothrow  toothow length 


Bottlenosed QO — 466 4% 1849 4050 
dolphin, Tursions — (05-5175) (1573-2720) (168,08-193.45) (360.0-439.0) 
truncatus 

neTotal sample nal nal 4! ned! 
West Indian 90 37029 2123 516 
manatee, (8050-4180) (199.18-255.20) (2164-246) 
Trichechus 

manatus 

nzTotal sample he] [2] 15) 


Sources e 


Families Delphinidae, Trichechidae, Equidae, Suidae, 
and Tayassuidae continued 


Greatest Basal Palatal Nasal Bralncase 
Species Sex length й юй мй breadth 
Feral horse or QO 5960 482.0 255.7 
wild pony (5620-8280) (47104890) (530-284) 
Equus caballus 
n=Total sample n nal nel! 
Wild boaror 92760 148.69 
feral hog (2580-304) (132.00-162.66) 
(California), 
Sus srofa 
nzTotal sample 15 ns 
Y M 1927 
(263,0-322.0) (141.47-177.62) 
neTotal sample 15 ne 
Collared peccary 9 — 284 
or javelina, (02-2384) 
Pecari tajacu 
naTotal sample nes! 
70 N93 
(227,92-257.56) 
neTotal sample 16 
00 1913 1329 545 
(1835-2000) (1270-1395) 622-51] 
neTotal sample nes! 15 nel 


{author dubennett and Hoffman (1999), ИШ ТД sLowery (1974) 


lygomatit 
breadth 


14654 
(19893-16150) 


m5 


143,34 
(1310-1538) 


ns 


959 
(91.10-101,70) 


m5 


10938 
(10240-1150) 


ns 


1035 
(975-1070) 


nal! 


Greatest 
width 


1327 
(1320-1340) 


nal! 


Interorbital Maxillary Mandibular 


breadth (йн 
95 
(860-900) 
nad! 
1457 10450 


(02-7132) 8265-1423) 


ns [5] 
75.00 103,64 
(6980-0090) (9284-1146) 
n 15 
509 6405 


(46.32-53.47) (61.06-66.00) 
n5' n3! 


5409 66.04 
(955.5) (60846861) 


nah! 15) 
523) 61.0 
(08-45 — (516-64) 
nes) m5 


toothrow 


6855 
(6310) 


nf! 


Mandible 
length 


N88 
(420.0-440.0) 


nad! 


ШЕ 
(236.18-271.26) 


m5 


250.25 
(24138-27240) 


nad 


15349 
(4425-1949) 


15) 


16330 
(15510-17030 


15) 


Family Cervidae 


Table in millimeters, Mean and parameters on top. Total number 
of specimens measured and specific number in cited sources below, 


Greatest — Condylobasal М Nasal Braincase Zygomatic — Interorbital Maxillary Mandibular — Mandible 


Species Sex юй юй юй length breadth breadth breadth оон оон length 
Elk or wapiti, 0 qu" 146.42 167.33 12173 136.0 1430 345,50 
Cervus canadensis 4054531) (143,14-154.6) (15632-190.0) (12256-13441) 0330-3814) 
n=Total sample 1254) 14 fe) nil nel! тї! nel! 
Sources (uy (uy 

0 4015" 1827 W097" 14070 360.25 

(404.0-525.0) (15079-18540) (1504-2184) (123,74-162.38) (0290-38710) 

neTotal sample ne? 14 ne) nal! ned) 
Sources ur ur 
Mule deer including 026397 041.48 19 107.69 68.13 7145 86.68 201,19 
black-tailed deer, (228,34-276.63) 23002590) — (625-050) 9572-74) (6006-7830) — (620-055) — (10974) (191322220) 
Odocoileus hemionus 
nefotal sample sd 116 ned [ nel! 220 nal hell 


Sources ui 164 (64 e iy 


Family Cervidae continued 


Greatest (бу Baslar №  Bramase Zygomatic  Interorbital Maul Mandibular Mandible 
Species Sex length мй engh lengh breadth Breadth breadth оон оон length 
Mule 


deer including 0 284,53 266.68 8707 121,32 80.18 8031 90.23 21847 
black-tailed deer, (03682-30550) (0520-2850) (66.57-97.70) (07192-1390) (62.23-88.58) (2540) — (813-976) (187.72-238.12) 
Odocoileus hemionus 
n=Total sample na nel}? п15 nz] nad! nel nel8 nef! 
Sources 54 Wa 5,14 5112 ИШ 
White-tailed deer, 0 240,06 238.0 — 20200 — 590 Ra 95.44 5831 6541 n3 206,00 
Odocoileus virginianus (0160-27454) (300-2520) (564-610) — (697-265) — (850-1057) (0145) — (520-086) — (620-962) (18328-21990) 
naTotal sample п=37 n2 na na? ns 1:42 n: nA 1:35 nz? 
Sources 34 345 54 345 32 

0 263.44 261.09 22348 66,21 85 10403 6611 11,14 7667 22285 
Q3103045) (0440-2900) (2200-2250) — (59-123) (783-970) — (050-1220) (524-7805) (620-880) — (680-950) (18870-23919) 
nzTotal sample 1227 na nz nal) nz 245 nel} nal nz] nah! 
Sources 43) ng un va 001900808 Ж 
Moose, Alces altes 0 БУШ 94.34 197.90" 14638 47150 
(6400-6100) (05,08-103.16) (1774-2304). (137.36-153,95) (4540-5124) 
nzTotal sample nz] nel! nz] ns! nal! 
Sources 47 ar 
0 $0667 112.78 21586" 16010 487.0 
(560,0-633.0) (99.40-129,60) (209.26-240.0) (155,22-167.28) (481,0-495.0) 
naTotal sample п) m5 nz] nj nad! 
Sources 157 * 
Caribou, Q 300,66 9330 11974 8750 9564 203] 
Rangifer tarandus (240-3364) (160-111,0) (1080-1324) (010-960) — (820-1070) — (2150-240) 
naTotal sample nat nz 1:32 nat! 38 nz 
0 35950 333.44 104.77 129.83 92.13 100.62 16296 
(900-3900) 09540-3970) (010-M9/) (1200-1460) (840-1060) — (820-150) — 0360-3124) 
nzTotal sample ny nz! ehh п=60 nz! пф nsi 
Pronghorn, Q 262.63 23528 94,50 1457 9340 6601 1093 216.80 
Antilocapra americana (245.0-279.0) (0189-2503) — (78.0-104.) (334-1370) — (812-986) — (605-720) — (80-776)  (209.04-224,16) 
nzTotal sample net D ns hl ns nel nel m3 
Sources 10,1 105 105 109 
0 210,67 2448 104,08 1154 1977 61,19 13 48 
(255,0-298,50) (3332553) (9341141) (971-1490) (1049-1181) (595-740) (635-791)  (22500-245.18) 
nzTotal sample na п) nj nal? nett! nal nel? n10' 
Sources 12 710 TM! T40 


eauthor,2eVerts and Carraway (1998), 3aHoffmeiter (1986), 4sParadiso (1969), SeLowery (1974), Gulackson (1961), 
Tele and Hall (1956), 8» Manning (1960) 


**emeans calculated without Jackson's data 


Family Bovidae 


Table in millimeters, Mean and parameters on top, Total number 
of specimens measured and specific number in cited sources below. 


Greatest юш Palatal Nos 2ygomatic  Interorbitil Maxillary Mandibular Mandible 


Species Sex юй мй юй length breadth breadth toothrow toothrow length 
American bison, 9 mM 180,57, 189,60 24531 196.22, 196.58 1085 1395 3550 
Bos bison 4550-5104) (10-204) (2002650) — (1370-1420) — (0880-4074) 
neTotal sample nef? ned! nel) na? nett nett nal 
Sources 110 10,2 
0 481,29 177,36, 195.12 21164 2212, 226.00 131 111 4083 
(0790-6040) (16103700) 0230350) — (34630 (4095-49959) 
neTotal sample [ДИ ned! ne] n? n n ne}! 
Sources 15 y? 
Mountain goat, 0 165) 871 9837 75.62 22084 
Oreamnos americanus (67.22-91.10) 0196969) (9182-1072) — (116-9020) (01061-22414) 
neTotal sample n3 n3 n3 n3 ne 
О 01003110 11045 112.03 85 0487 
(10341~115.18) — (0939-1260) — 8116-80) (03115-25046) 
neTotal sample nal 13 nz? 13 nz 
Muskox, 0 487,15 26341 15286 168.04 19053 149.05 
Ovibos moschatus (0005-5281) (232.0-291.0) (1365-130) — (1480-1890) (1485-22258) (1185-1570) 
neTotal sample net nas)! nah! Ally na ntl 
Bighorn sheep, 9 1 4111 bI 11592 106 $5.63 18928 
Ovis canadensis (315-960) (2260-0560) (604130) — (1020-230) — (9504130) — (010464) 
naTotal sample ned! nel) nas nay nz 1200 nel! 
@ 300,73 16361 1157] 1941 120.16 945 231.8 
(262.24-3240) (247.0-280.0) (90-40) — (170-0350) — (1090-090) — (8004054) (213-3552) 
neTotal sample nel?! neds! 1230 MN nz 1833 Ma] 
Dal sheep, 0 2250 165) 113.29 9850 1050 
Ovis dalli (150-2384) (020444) (010-020) — (930-020) — (880-740) 
m=Total sample nd Nah! na nef! nd 
7 м5 x 92,39 12330 11559 1651 
(150-982). (2350-2740) (204200) — (140-40) — (1080-1270) — (080-880) 
neTotal sample fe 1233 ne 130 nay ne? 


Yeouthor JaVorts and Carraway (1998) Cowan (1940), de Tener (1968), Jackson (1961), 
«MacDonald (1981 in Meagher (1986) 


Though far less comprehensive than the mammals accounts, it is hoped that 
enough diversity is presented to inspire you to look at bird skulls more carefully 
and with greater appreciation. Certainly the following accounts will help you 
narrow specimens to orders or families, and with any luck using such clues as 
geographic range and time of year, a species identification. The subject matter 
certainly deserves its own devoted publication. 

There is much to compare when looking at bird skulls. Particularly useful 
are the varied palatine bones and associated structures on the ventral surface, as 
well as the fragile bone structures and fenestra viewed from the lateral between 
the orbits. These in combination with bill and nasal aperture characters should 
provide much material to weigh when attempting to identify bird skulls. 

Additional resources for identifying bird skulls are relatively scarce, as 
avian systematics in the twentieth century has emphasized external morphology 
rather than comparative anatomy (Zusi 1993). Two noteworthy publications 
easily obtained are Tracks and Signs of the Birds of Britain and Europe (Brown 
et al., 2003) and Guide to Raptor Remains: A Photographic Guide for 
Identifying the Remains of Selected Species of California Raptors (Hurmence 
and Harness 2004), both listed in the bibliography. A reference for postcranial 
bones exists in Avian Osteology (Gilbert et al., 1986). 

In the species accounts, three measurements are provided for each species: 
the greatest length of the skull, a linear measurement of the bill, and the greatest 
width of the skull, regardless of where that might fall. Brown et al. (2003) 
propose that the ratio of bill length over greatest length is a useful clue in 
identification. Following their lead, simple percentages representing this ratio 
have also been calculated using the means of the greatest length and bill length. 
Males and females are presented separately when resources provided the 
opportunity, and in certain species sexual dimorphism is pronounced. 


Gulls compared: 1. Herring gull (Larus argentatus) 1293, 2. Greater black-backed gull (Larus 
marinus), 3. Bonaparte's gull (Larus philadelphia) 2543, 4. Ring-billed gull (Larus delawaren- 
sis) 1298, 5. California gull (Larus californicus) 3690. SANTA BARBARA MUSEUM OF NATURAL HISTORY. 


Shorebirds compared: 1. American avocet (Recurvirostra americana) 1644, 2. Marbled godwit 
(Limosa fedoa) 1858, 3. Black-necked stilt (Himantopus mexicanus) 1734, 4. Whimbrel (Nume- 
nius phaeopus) 1250, 5. Willet (Tringa semipalmata) 1755, 6. Long-billed curlew (Numenius 
americanus) 501. SANTA BARBARA MUSEUM OF NATURAL HISTORY. 


Please note that the presence of the bill sheath significantly alters the length 
of the skull, and that in some accounts, both skulls with and without bill sheaths 
were measured. In general the bill sheath mimics the shape of the bones of the 
bill it covers, but not always. Consider the red crossbill (Loxia curvirosta) on 
page 690, which has a straight bony bill, yet a curved bill sheath. The curved bill 
sheaths provide the necessary tools for crossbills to extract seeds from cones 
which have yet to open, and before they are available to other bird species. Or 
compare the illustrations of the American kestrel (Falco sparverius) and 
Peregrine falcon (Falco peregrinus) on pages 640 and 641. In the kestrel the 
notched bill is emphasized by the presence of the bill sheath, but easily 
overlooked in the peregrine, where the sheath is absent. When present, bill 
sheaths are wondrous aids in identification, for the bills will better match those 
in field guides to birds, yet they may also block other useful characters, such as 
the shape and size of the nasal aperture. 

A note on the sources for the measurements: Two others worked with me to 
compile the numbers. Neal Wight joined me as an intern from Prescott College 
and measured skulls in the Santa Barbara Museum of Natural History and the 
Museum of Vertebrate Zoology in Berkeley. Max Allen volunteered his time 


between his jobs with State Parks in Vermont and as an educator for the 
Vermont Wilderness School to measure skulls 
Massachusetts and the Museum of Comparative Zoology at Harvard. 


Family Anatidae: Ducks, geese, and swans 


Canada goose, Branta canadensis 


Specimen illustrated: Adult, SBMNH 429. Life-size image page 185. 

Features: (1) Interorbital region narrow; frontals thin to create shelflike orbital 
rims (11). (2) Palatines thin and curved; (4) posterior edges concave. (3) Narrow 
vomer pronounced. (5) Postorbital processes large and blunt. (6) Interorbital 
fenestra absent. (7) Bill lamellate (sieved), laterally compressed at base and 
narrower at tip; anterior flattened. (8) Nasal aperture large and oval. (9) Elevated 
foramen apparent through the occipital complex. (10) Craniofacial hinge very 


wide. 
Greatest length 
of skull 
o 111,19 
(105.70-125.37) 
Sample N=5 
Q 97.30 


(83.13-118.51) 
Sample N=6 


Length 
of bill 


53.75 
(51.88-62.90) 
N=5 
45.59 
(37.78-57.83) 


N=6 


Bill/overall 
skull percentage 


48% 


47% 


at the University of 


Greatest width 
of skull 


38.14 
(32.20-41.87) 


N=5 


32.58 
(28.26-36.82) 


N=6 


DORSAL VENTRAL 


Bill sheath 
absent 


Mallard, Anas platyrhynchos 


Specimen illustrated: Adult female, SBMNH 670. Life-size image page 185. 
Features: (1) Interorbital region narrow and to posterior of skull; braincase (12) 
short and broad. (2) Palatines very slender and with concave posterior edges (4). 
(3) Narrow vomer well pronounced. (5) Postorbital processes long, large, and 
elevated. (6) Interorbital fenestra absent. (7) Bill lamellate (sieved), laterally 
compressed at base, and narrower at tip; anterior flattened; the nasal aperture (8) 
small and oval. (9) Elevated foramen apparent through occipital complex. (13) 
Craniofacial hinge very wide. (10) Lacrimal enlarged to further enclose orbit; 
orbit (11) smaller and more elevated than in Canada goose. 


о 


Sample 


9 


Sample 


DORSAL 


13 


Greatest length 
of skull 


111.84 
(106.86-116.73) 


N=7 


102.52 
(95.83-107.44) 


N=6 


Bill sheath 
present 


Length 
of bill 


56.51 
(55.22-61.96) 


N=7 


50.40 
(45.92-52.46) 


N=6 


Bill/overall 
skull percentage 


51% 


49% 


VENTRAL 


Greatest width 
of skull 


30.15 
(28.20-33.68) 


N=7 


28.28 
(27.50-29.28) 


N=6 


Northern shoveler, Anas clypeata 


Specimen illustrated: Adult male, SBMNH 4331. Life-size image page 185. 
Features: (1) Interorbital region narrow. (2) Palatines slender, and posterior 
edges (3) notched. (4) Postorbital processes large and blunt. (5) Interorbital 
fenestra absent. (6) Lacrimal enlarged and rounded. (7) Large foramen apparent 
through elevated occipital complex. (8) Bill very broad, flattened, and spatulate; 
nasal aperture (9) oval. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 114.87 62.39 5496 24.06 
(109.98-122.28) (57.80-68.32) (22.10-26.40) 
Sample N=8 N=8 N=8 
Q 105.77 56.34 5396 23.69 
(96.16-111.63) (49.43-61.17) (22.34-25.07) 


Sample N=6 N=6 N=6 


DORSAL VENTRAL 


Only tiny tip of 
the bill sheath 
remains 


Green-winged teal, Anas crecca 


Greatest length 


of skull 
о 80.11 
(79.21-81.47) 
Sample N=7 
Q 78.14 
(74.14-80.50) 


Sample N-8 


Length 
of bill 


36.56 
(35.21-37.72) 
N=7 


36.80 
(33.50-42.15) 


N=8 


Bill/overall 
skull percentage 


46% 


47% 


Greatest width 
of skull 


22.22 
(21.68-23.00) 
N=7 
21.66 
(21.12-22.17) 


N=7 


1. Green-winged teal (Anas crecca), male 4528, 2. Bufflehead (Bucephala albeola), female 5034, 
3. Ruddy duck (Oxyura jamaicensis), male 4357, 4. Mallard (Anas platyrhynchos), female 670, 5. 
White-winged scoter (Melanitta fusca), male 647, 6. Northern shoveler (Anas clypeata), male 


4331. SANTA BARBARA MUSEUM OF NATURAL HISTORY. 


White-winged scoter, Melanitta fusca 


Specimen illustrated: Adult male, SBMNH 647. Life-size image page 186. 
Features: (1) Interorbital region very narrow. (2) Bill broad, gibbous (5) 
(referring to hump), and flattened to anterior (6). (3) Postorbital process long, 
blunt, and elevated. (4) Interorbital fenestra absent. (7) Nasal aperture tall and 
oval. (8) Premaxillaries broad. (9) Palatines slender with concave lateral edges 
(10). 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 112.32 53.72 48% 35.51 
(111.03-114.04) (51.44-56.05) (33.28-41.21) 
Sample N=5 N=5 N=5 
Q 108.05 51.86 4896 36.21 
(101.15-114.22) (48.14-56.42) (33.83-36.26) 
Sample N-5 N-5 N-5 


DORSAL „ VENTRAL 


10 


Bill sheath 
absent 


LATERAL 


Bufflehead, Bucephala albeola 


Specimen illustrated: Adult female, SBMNH 5034. Life-size image page 182. 
Features: (1) Interorbital region very narrow. (2) Braincase longer, rounded, 
and smooth. (3) Palatines slender, curved, and with concave lateral edges (4). (5) 
Postorbital process long, slender, and less elevated than in mallard. (6) 
Interorbital fenestra oval. (7) Bill flattened and lamellate; (8) nasal aperture large 
and triangular. (9) Lacrimal long and relatively slender. 


Greatest length 


of skull 
O 73.80 
72.20 
Sample N=2 
Q 67.74 
(65.18-73.64) 


Sample N=6 


Length 
of bill 


30.26 
28.22 
N=2 


27.93 
(25.66-30.32) 


N=6 


Bill/overall 
skull percentage 


40% 


41% 


Greatest width 
of skull 


27.44 
25.08 


N=2 


23.31 
(20.48-28.08) 


N=6 


DORSAL , VENTRAL 


Only the tiny 
tip of the bill 
sheath remains 


LATERAL 


The lamellate are 
also a fragment 
of the bill sheath 


Common merganser, Mergus merganser 


Specimen illustrated: Adult female, SBMNH 1835. Life-size image page 186. 

Features: (1) Craniofacial hinge pronounced. (2) Interorbital region narrow. (3) 
Occipital crests well developed at posterior of skull. (4) Palatines thin and 
curved, with small bulbous processes (5) at posterior. (6) Thin vomer separates 
palatines except at posterior. (7) Postorbital process long and more vertical than 


in dabbling ducks. (8) Lacrimal process long and very slender. (10) Bill slender, 
long, terete, and serrate; nasal aperture (9) long and oval. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
о 114.52 67.75 59% 32.96 
(109.62-116.88) (65.32-71.72) (29.10-35.43) 
Sample N=9 N=9 N=9 
Q 104.48 61.21 5996 31.08 
(100.11-107.04) (55.92-64.71) (29.89-31.96) 


Sample N=10 N=10 N=10 


DORSAL |; | |} VENTRAL 


3 7 LATERAL 


Only the tip of 
the bill sheath 
remains 


The "teeth" are 
also a fragment 
of the bill sheath 


Family Phasianidae: Partridges, grouse, and turkeys 


Ruffed grouse, Bonasa umbellus 


Specimen illustrated: Adult male, MCZ 347936. Life-size image page 181. 

Features: (1) Interorbital region narrrow. (2) Braincase rectangular and broader 
than wide. (3) Occipital crests less developed. (4) Palatines long, thin, and 
converging toward posterior. (5) Bill shorter than cranium, stout, and slightly 


decurved at tip. (6) Nasal aperture large, long, and oval. (7) Postorbital process 
long and thin. (8) Interorbital fenestra absent. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 55.35 23.20 42% 27.66 
(52.30-58.64) (21.59-27.64) (26.39-28.39) 
Sample N=8 N=8 N=8 
Q 53.23 22.45 42% 26.21 
(50.63-57.31) (19.92-25.84) (25.12-28.13) 


Sample N=8 N=8 N=8 


DORSAL VENTRAL 


Bill sheath 
absent 


LATERAL 


Wild turkey, Meleagris gallopavo 


Specimen illustrated: Adult, MCZ 340819. Life-size image page 186. 
Features: (1) Short, triangular lacrimals, or superciliary shields. (2) Long, 
squared braincase. (3) Occipital crests well developed. (4) Palatines long, thin, 
and converging toward posterior. (5) Bill shorter than cranium, stout, and 
slightly decurved at tip. (6) Nasal aperture large, long, and oval. (7) Postorbital 
process thick and blunt. (8) Interorbital fenestra absent. 


Greatest length 
of skull 


103.15 
(82.67-110.79) 
N24 
89.23 
(74.88-100.46) 


N24 


Length 
of bill 


55.33 
(42.82-68.23) 
№4 
47.74 
(43.16-51.63) 


№4 


Bill/overall 
skull percentage 


5496 


54% 


Greatest width 
of skull 


44.47 
(35.53-50.72) 
N=4 
35.73 
(31.33-39.56) 


N=4 


DORSAL D VENTRAL 


Bill sheath 
absent 


Family Odontophoridae: New World quail 


Northern bobwhite, Colinus virginianus 


Specimen illustrated: Adult male, SBMNH 1523. Life-size image page 179. 

Features: (1) Short, triangular lacrimals, or superciliary shields. (2) Braincase 
rounded and smooth. (3) Interorbital region narrow. (4) Palatines long, thin, and 
converging toward posterior. (5) Bill short, stout, and slightly decurved at tip. (6) 


Nasal aperture large, tall, and oval. (7) Postorbital process triangular, tapering to 
a slender point. (8) Interorbital fenestra absent. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
o 35.73 12.36 35% 18.36 
Sample N=1 N=1 N=1 
Q 36.16 12.09 34% 18.20 
(32.78-36.76) (10.60-13.26) (17.18-19.22) 


Sample N=4 N=4 N=4 


DORSAL VENTRAL 


Partial 
bill sheath 


Family Procellariidae: Shearwaters and petrels 


Sooty shearwater, Puffinus griseus 


Specimen illustrated: Adult, SBMNH 1561. Life-size image page 184. 

Features: (1) Bill long and straight, then hooked at the tip; (2) nasal aperture 
lacking. (3) Interorbital septum deep, and interorbital fenestra somewhat 
squared. (4) Postorbital process reduced. (5) Foramen through the occipital 
complex. (6) Frontals thin to create shelflike orbital rims and may be concave in 


shape. (7) Squamosals concave, forming broad grooves that constrict the 
braincase to the posterior. (8) Occipital crests well developed. (9) Palatines large 
and in contact with one another for their entire length. (10) Occipital condyle 
broad. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 94.14 50.86 54% 30.29 
(90.90-97.50) (48.34-54.65) (28.21-32.10) 
Sample N=10 N=10 N=8 
Q 94.15 50.36 5396 31.97 
(92.11-97.18) (48.12-52.55) (31.15-33.47) 


Sample N=7 N=7 N=7 


DORSAL VENTRAL 


LATERAL 


Partial 
bill sheath 


Family Pelecanidae: Pelicans 


Brown pelican, Pelecanus occidentalis 


Specimen illustrated: Adult, SBMNH 1450. Life-size image page 188. 
Features: (1) Bill very long and straight, with small hook at anterior tip; bill (7) 
broad and spatulate to anterior. Nasal aperture (2) lacking. (3) Occipital crests 
well developed and contributing to the squared posterior. (4) Palatines long, 
narrow, and in contact with one another for their entire length. (6) Small optic 
foramen to posterior of orbit; interorbital fenestra (5) absent. (7) The craniofacial 
hinge is wide and pronounced. 


Greatest length 
of skull 


429.60 
(412.00-438.00) 


N=5 


381.86 
(343.31-399.00) 


N=5 


Length 
of bill 


341.40 
(327.00-348.00) 


N=5 


302.94 
(275.71-318.00) 


N=5 


Bill/overall 
skull percentage 


79% 


79% 


Greatest width 
of skull 


75.36 
(71.65-80.82) 


N=5 


67.87 
(59.23-74.16) 


N=5 
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DORSAL VENTRAL 


Bill sheath 
absent 


LATERAL 


Family Phalacrocoracidae: Cormorants 


Double-crested cormorant, Phalacrocorax auritus 


Specimen illustrated: Adult, SBMNH 2449. Life-size image page 188. 

Features: (1) Craniofacial hinge wide and pronounced. (2) Sagittal crest 
apparent at posterior of the braincase. (3) Occipital crests well developed. (4) 
Occipital complex extends to posterior and squared. (5) Palatines rectangular 
and in contact with one another for much of their length. (6) Bill long and 


straight, with a hooked anterior tip; nasal aperture (9) lacking. (7) Postorbital 
processes distinctive and elevated. (8) Interorbital fenestra and all foramina 
joined to form large, vacuous orbital region. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 129.87 68.54 53% 35.71 
(121.51-138.15) (64.07-71.77) (31.59-38.00) 
Sample N=8 N=8 N=8 
Q 124.70 66.18 5396 34.40 
(118.65-135.49) (61.82-72.31) (31.24-38.84) 


Sample N=8 N=8 N=8 


DORSAL VENTRAL 


LATERAL 


Bill sheath 
absent 


Family Ardeidae: Herons and bitterns 


Great blue heron, Ardea herodias 


Specimen illustrated: Adult male, SBMNH 2454. Life-size image page 188. 

Features: (1) Sagittal crest well formed at posterior of braincase. (2) Occipital 
crests well developed, and occipital complex squared and extending well beyond 
braincase. (3) Palatines long, slender, in contact only at posterior and with 
convex lateral edges; premaxillaries (9) broad. (4) Slender vomer separates 
palatines. (5) Bill long, stout, and straight; nasal aperture (6) relatively small. (7) 
Interorbital fenestra large, and extension of interorbital septum (8) long and 


elevated. 


Greatest length 
of skull 


208.91 
(198.98-219.35) 


N=7 


202.98 
(193.22-222.15) 


N=10 


Length 
of bill 


136.84 
(127.74-144.43) 
N=7 
134.28 
(123.88-152.78) 


N=10 


Bill/overall 
skull percentage 


66% 


66% 


Greatest width 
of skull 


35.89 
(34.28-36.81) 
N=7 
35.58 
(33.89-37.40) 


N=10 


DORSAL VENTRAL 


8 LATERAL 


Bill sheath 
absent 


Family Threskiornithidae: Ibises and spoonbills 


White-faced ibis, Plegadis chihi 


Specimen illustrated: Adult female, MVZ 73320. Life-size image page 188. 

Features: (1) Cranium smooth and rounded; interorbital breadth (9) broad. (2) 
Palatines long with rounded posterior corners. (3) Vomer thin, separating 
palatines except at far posterior. (4) Interorbital fenestra smaller. (5) Optic 
foramen larger, but still smaller than the interorbital fenestra. (6) Interorbital 


septum deep and angled. (7) Bill long and decurved, slender and cylindrical; 
nasal aperture (8) short and linear. 


Greatest length 
of skull 


178.03 
(165.76-184.38) 
N=3 


145.25 
(138.28-155.53) 


N=4 


Length 
of bill 


142.91 
(132.44-148.84) 
N=3 


110.89 
(104.55-122.08) 


N=4 


Bill/overall 
skull percentage 


80% 


76% 


Greatest width 
of skull 


24.49 
(23.72-25.04) 
N=3 


21.95 
(21.17-22.98) 


N=4 


DORSAL | VENTRAL 


Bill sheath 
absent 


LATERAL 


Family Cathartidae: New World vultures 


Turkey vulture, Cathartes aura 


Specimen illustrated: Adult, SBMNH 1352. Life-size image page 184. 

Features: (1) Relatively broad interorbital region. (2) Rounded cranium. (3) 
Edge of orbit often rough and perforated. (4) Palatines long, broad, and rounded 
to posterior. (5) Post orbital process triangular and long. (6) Lacrimal bone stout, 
vertical, and squared. (7) Nasal aperture large and oval. (8) Bill hooked and cere, 


long and elevated to posterior; little rise (9) from bill to frontals. (10) Interorbital 


fenestra absent. 


Greatest length Length Bill/overall 
of skull of bill skull percentage 
өдө, 91.39 43.30 47% 


(83.28-98.26) (37.93-47.10) 
Sample N=11 N=11 


Greatest width 
of skull 


37.29 
(34.55-39.30) 


N=11 


DORSAL VENTRAL 


Partial 
bill sheath 


Family Accipitridae: Hawks, kites, and eagles 


Bald eagle, Haliaeetus leucocephalus 


Specimen illustrated: Adult, SBMNH 652. Life-size image page 187. 

Features: (1) Supraocular bones (missing in this specimen) prominent and 
attach to lacrimal bones. (2) Broad interorbital region with rough and sometime 
perforated orbital edges. (3) Palatines broad with concave ventral surfaces (5) to 


the posterior. (4) Foramen magnum small and tubular. (7) Bill long, deep, and 
stout (much longer than in golden eagle), hooked and cere, with a smooth cutting 
edge; nasal aperture (6) oval, tapering to posterior and without bony tubercule. 
(8) Postorbital process stout with squared tip. 


Greatest length Length Bill/overall Greatest width 


of skull of bill skull percentage of skull 
Sex 125.07 58.87 47% 64.55 
unknown (110.33-140.00) (49.79-69.13) (57.22-72.54) 
Sample N=14 N=14 N=14 
Q 117.07 55.13 47% 60.37 
(110.33-124.62) (49.79-58.54) (57.86-63.98) 


Sample N=3 N=3 N=3 


DORSAL VENTRAL 


Partial 


bill sheath LATERAL 


Cooper’s hawk, Accipiter cooperii 


Specimen illustrated: Adult male, SBMNH 5040. Life-size image page 181. 

Features: (1) Supraocular bones prominent and attached to the lacrimal bones, 
but both bones often lost in the field or fall off during preparation. (2) 
Interorbital narrow. (3) Broad, rounded braincase. (4) Palatines broad to 
posterior, in contact for about one-third of length, with angular corners. (5) Bill 
tall at base, short and stout, hooked and cere; cutting edge rough but not toothed. 
(6) Nasal aperture oval and tallest at posterior. (7) Interorbital fenestra large and 
oval. (8) Interorbital septum elevated and angled. (9) Postorbital process well 


developed and with squared tip. (10) Posterior of braincase sloping steeply to 
posterior. 


Greatest length Length Bill/overall Greatest width 


of skull of bill skull percentage of skull 
o 56.65 18.09 32% 32.83 
(53.88-61.47) (14.54-20.98) (30.98-36.97) 
Sample N=8 N-8 N-8 
Q 60.32 20.40 3496 34.35 
(58.1-63.27) (18.76-21.98) (33.39-35.57) 
Sample N=10 N=10 N=10 


DORSAL VENTRAL 


Partial 
bill sheath 


LATERAL 


Red-tailed hawk, Buteo jamaicensis 


Specimens illustrated: Adult female without supraoculars, SBMNH 650; adult 
female without supraoculars and lacrimals, 2118M. Life-size image page 183. 
Features: Supraocular bones (missing in this skull) pronounced and attached to 
lacrimal bones (1). (2) Interorbital relatively broad. (3) Large, broad, rounded 
braincase. (4) Palatines long and slender, broadest to posterior, with angular 
lateral and posterior edges. (5) Bill of median length and very hooked. (6) 
Nostrils oval and tapering to posterior. (7) Postorbital process slender and very 

long. (8) Interorbital fenestra small and oval. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 

O 82.13 27.92 3496 48.78 
(76.50-86.21) (25.31-30.35) (47.05-50.09) 

Sample N=14 N=14 N=14 

Q 85.74 30.36 35% 50.02 
(81.23-88.50) (23.66-35.00) (46.62-51.96) 

Sample N=15 N=15 N=15 


DORSAL VENTRAL DORSAL 


Partial 
bill sheath 


LATERAL 


Family Falconidae: Falcons 


American kestrel, Falco sparverius 


Specimen illustrated: Adult male, SBMNH 5055. Life-size image page 180. 

Features: (1) Supraocular bones and lacrimals one long, slender, straplike piece 
pointing to posterior. (2) Interorbital narrow. (3) Large, broad, rounded 
braincase. (4) Palatines squat and broad to posterior, in contact for 50 percent of 
length, tapering to posterior, with converging tips. (5) Foramen magnum 
relatively large. (6) Bill short, very hooked; bill sheath notched (10) and cere. (7) 


Nostrils round with bony tubercle at center. (8) Postorbital process slender. (9) 
Interorbital fenestra large and oval. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 41.01 12.56 3196 24.96 
(40.00-42.48) (9.64-14.88) (23.47-26.14) 
Sample N=16 N=16 N=16 
Q 42.10 13.00 3196 25.80 
(40.63-44.46) (9.26-15.63) (24.12-27.60) 


Sample Nz15 N=15 N=15 


DORSAL VENTRAL 


Partial 
bill sheath 


LATERAL 10 8 


Peregrine falcon, Falco peregrinus 


Specimen illustrated: Adult, MVZ 124693. Life-size image page 182. 
Features: (1) Supraocular bones and lacrimals one long, slender straplike piece, 
pointing to posterior. (2) Interorbital broader. (3) Large, broad, rounded 
braincase. (4) Palatines squat and broad to posterior; posterior lateral edges (5) 
rounded. (6) Foramen magnum wider than tall. (7) Bill medium, very hooked; 
Bill sheath notched (absent in this specimen) and cere. Notch can be inferred 
from bony process (10). (8) Nostrils round with bony tubercle at center. (9) 
Interorbital fenestra very small and oval. 


Greatest length Length Bill/overall Greatest width 


of skull of bill skull percentage of skull 
o 65.14 23.85 37% 38.70 
Sample N=1 N=1 N=1 
оо 67.42 24.73 37% 39.77 
(62.77-73.14) (21.42-27.10) (37.22-41.32) 
Sample N=8 N=8 N=8 


DORSAL VENTRAL 


Bill sheath 
absent 


LATERAL 


10 


Family Rallidae: Rails, gallinules, and coots 


American coot, Fulica americana 


Specimen illustrated: Adult male, SBMNH 827. Life-size image page 182. 
Features: Long, slender, and laterally compressed skull, with relatively broad 
bill. (1) Craniofacial hinge pronounced. (2) Interorbital breadth narrow. (3) 
Braincase smooth and rounded. (4) Palatines long and thin, broadest at posterior, 
where they are in contact; corners angular (5) and converging to sharp points at 
posterior edge. (6) Maxillopalatines larger and circular. (7) Postorbital processes 
reduced and elevated. (8) Interorbital septum narrow and high; interorbital 
fenestra large. (9) Line of commissure slightly angulate. (10) Nasal aperture 
large and linear, yet oval to posterior (12). (11) Bill slightly longer than cranium, 
and relatively deep and stout. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 65.95 32.87 5096 21.17 
(63.45-68.12) (31.44-34.49) (20.51-22.19) 
Sample N=10 N=10 N=10 
Q 62.70 30.19 48% 20.90 
(59.69-67.17) (24.25-33.83) (19.65-22.02) 


Sample N=10 N=10 N=10 


DORSAL VENTRAL 


Bill sheath 
absent 


Family Charadriidae: Lapwings and plovers 


Killdeer, Charadrius vociferus 


Specimen illustrated: Adult male, SBMNH 4938. Life-size image page 180. 

Features: (1) Braincase rounded and smooth. (2) Lacrimal bones project 
outward and upward above the level of the cranium. (3) Maxillopalatines to 
posterior of bill and circular. (4) Palatines long and thin, then broad at posterior, 
where contact (5) is minimal. Bill approximately equal in length to cranium, 
slender, and straight, with a slightly swollen, decurved tip (10). (6) Nasal 
aperture long and linear. (7) Orbit very large. (8) Interorbital septum long, 


narrow, and just above midline of orbit; inter orbital fenestra only slightly larger 
than foramen above. (9) Low foramen apparent through occipital complex. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 47.82 25.49 5396 16.86 
(46.18-50.44) (22.63-27.50) (16.06-17.46) 
Sample N-8 N-8 N-8 
Q 48.63 26.31 5496 16.99 
(47.47-50.35) (23.96-29.01) (16.51-17.82) 


Sample N=6 N=6 N=6 


DORSAL VENTRAL 


The tip of the 
bill sheath 
remains 


Family Recurvirostridae: Stilts and avocets 


American avocet, Recurvirostra americana 


Specimen illustrated: Adult female, SBMNH 1644. Life-size image page 187. 
Features: (1) Cranium smooth and rounded. (2) Interorbital narrow. (3) 
Lacrimal bones project outward. (4) Maxillopalatines converge and make 
contact. (5) Palatines long and broad, with tapering posterior processes (6) at 
corners. (7) Bill very long, slender, and recurved. (8) Nasal aperture long and 
linear. (9) Post orbital process long and thin. (10) Interorbital septum long, 
narrow, and just above midpoint of orbit; interorbital fenestra (11) just larger 
than foramen (12) above. 


Greatest length Length Bill/overall Greatest width 


of skull of bill skull percentage of skull 
O 128.05 97.88 77% 20.26 
(113.50-141.02) (81.68-111.97) (19.55-21.18) 
Sample N=6 N=6 N=6 
Q 117.08 88.39 75% 19.86 
(107.86-127.48) (81.31-100.79) (18.90-20.40) 
Sample N=10 N=10 N=10 


DORSAL VENTRAL 


The tip of the 
bill sheath 
remains 


LATERAL 


Family Scolopacidae: Sandpipers 


Spotted sandpiper, Actitis macularia 


Specimen illustrated: Adult, MVZ 63080. Life-size image page 180. 


Features: (1) Cranium rounded and smooth. (2) Interorbital very narrow; 
palatine bones (3) visible below. (4) Posterior corners of palatines rounded. (5) 
Bill long, slender, and straight. (6) Nasal aperture long and linear. (7) Interorbital 
septum very long, narrow, and elevated; interorbital fenestra (8) approximately 
twice the size of foramen above. (9) Maxillopalatines circular. (10) Foramen 


through occipital complex. 


Greatest length 


of skull 
46.49 
(41.74-53.75) 
N=5 
47.35 
(44.34-49.35) 
N=6 


Length 
of bill 


27.78 
(24.44-33.22) 
N=5 
28.12 
(25.54-30.62) 
N=6 


Bill/overall 
skull percentage 


60% 


59% 


Greatest width 
of skull 


12.88 
(12.44-14.06) 
N=5 


12.87 
(12.54-13.52) 


N=6 


DORSAL VENTRAL 


Bill sheath 
absent 


LATERAL 
10 


Long-billed curlew, Numenius americanus 


Specimen illustrated: Adult, SBMNH 501. Life-size image page 188. 
Features: (1) Cranium rounded and smooth. (2) Distinctive interorbital notch. 
(3) Lacrimal bones projecting slightly to anterior. (4) Posterior corners of 
palatines rounded. (5) Bill very long, slender, and decurved. (6) Nasal aperture 
linear but short in comparison with length of bill. (7) Interorbital septum long 
and deep, just above midline of orbit; interorbital fenestra (9) much larger than 
foramen above. (8) Foramen through occipital complex. 


Greatest length 
of skull 


173.51 
(159.42-193.07) 
N-5 


199.40 
(169.22-222.54) 


N-8 


Length 
of bill 


138.16 
(122.84-158.48) 
N-5 


164.20 
(131.10-187.52) 


N-8 


Bill/overall 
skull percentage 


8096 


82% 


Greatest width 
of skull 


24.46 
(22.98-25.20) 


N=5 


25.58 
(23.90-26.72) 


N=8 


DORSAL VENTRAL 


Bill sheath 
absent 


Marbled godwit, Limosa fedoa 


Specimen illustrated: Adult female, SBMNH 1858. Life-size image page 188. 

Features: (1) Braincase short, rounded, and smooth. (2) Lacrimal bones small. 
(3) Bill stout and broad for its length. (4) Palatines in contact for much of length 
and with rounded posterior corners (5). (6) Bill very long, slightly recurved, and 
with a swollen tip. (7) Nasal aperture short and linear, much broader to posterior. 


(8) Interorbital septum narrow and orbit slightly smaller. (9) Interorbital fenestra 
only slightly larger than foramen above. 


Greatest length 
of skull 


144.70 
(132.99-167.71) 
N=5 


157.19 
(150.54-163.00) 


N=5 


Length 
of bill 


115.21 
(103.98-138.33) 
N=5 


125.89 
(119.76-132.02) 


N=5 


skull percentage 


Greatest width 


of skull 
20.66 


(19.86-21.25) 


N=5 
21.37 


(21.13-21.92) 


N=5 


DORSAL VENTRAL 


Tip of the bill 
sheath remains 


LATERAL 


Wilson's snipe, Gallinago delicata 


Specimen illustrated: Adult female, MVZ 68695. Life-size image page 184. 

Features: (1) Braincase very short, rounded, and smooth. (2) Interorbital 
narrow, allowing views of inside of orbits (4); distinctive edge (3) to orbits. (6) 
Occipital complex shifted ventrally; foramen magnum (5) on ventral surface 
rather than posterior. (7) Craniofacial hinge large; second hinge (8) at anterior of 
bill. (9) Nasal aperture very long, linear, and broadest at anterior and posterior. 


(10) Orbit large, oval, and elevated; interorbital septum short, deep, and angled. 
(11) Foramen through occipital complex. (12) Foramen magnum, a second 
perspective. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 91.43 69.29 76% 16.91 
(88.00-99.78) (66.85-77.12) (16.39-17.95) 
Sample N=8 N=8 N=8 
Q 94.41 73.15 77% 17.05 
(85.42-98.05) (65.16-76.53) (16.66-17.84) 
Sample N=8 N=8 N=8 


DORSAL VENTRAL 


10 


Tip of the bill 
sheath remains 


1 


11 12 


LATERAL 


Family Laridae: Skuas, gulls, terns, and skimmers 


Herring gull, Larus argentatus 


Specimen illustrated: Adult female, SBMNH 1293. Life-size image page 187. 
Features: (1) Frontals thin to create shelflike orbital rims, which may be 
concave in shape and perforate (2) to posterior; a median ridge (3) develops 


along the midline between the orbits. (4) Lacrimal bones stout and blunt. (6) 
Braincase high, angular, and reduced; squamosal (5) concave, creating deep 
grooves to posterior that constrict braincase. (7) Vomer sits between circular 
maxillopalatines (8). (9) Posterior corners of palatines rounded. (10) Foramen 
magnum small. (11) Postorbital process stout and elevated. (12) Interorbital 
septum deep; interorbital fenestra (13) reduced. (15) Bill straight, long, and 
hooked at tip; nasal aperture (14) linear, extending length of bill (partially 
covered here by bill sheath). 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 121.62 67.81 5696 41.98 
(115.61-127.02) (65.55-69.79) (39.38-44.96) 
Sample N=8 N=8 N=8 
Q 116.86 65.07 5696 40.22 
(112.96-122.04) (61.64-69.06) (37.78-42.48) 
Sample N=8 N=8 N=8 


DORSAL VENTRAL 


Partial 
bill sheath 


LATERAL 


Common tern, Sterna hirundo 


Specimen illustrated: Adult, MCZ 340442. Life-size image page 182. 

Features: (1) Frontals thin to form shelflike orbital rims, which may be concave 
in shape. (2) Interorbital breadth very narrow, allowing views of palatines (6) 
below; medium ridge follows midline of skull between orbits. (3) Lacrimal 
bones larger than in gulls, broader and rounded. (4) Braincase rounded and 
smooth, except at posterior, where concave squamosals (5) create deep grooves 
to constrict braincase. (7) Maxillopalatines straighter. (8) Bill approximately the 
length of cranium, straight and acute; nasal aperture (9) linear, approximately 
half the length of bill. (10) Interorbital septum long and slender, at midline of 
skull; interorbital fenestra large, approximately equal to foramen above. 


Greatest length Length Bill/overall Greatest width 


of skull of bill skull percentage of skull 
O 72.90 37.85 5296 22.06 
(70.13-75.88) (34.57-39.39) (21.23-22.89) 
Sample N-5 N=5 N=5 
Q 70.66 37.65 5396 21.42 
(63.68-77.89) (33.78-42.91) (20.64-22.27) 
Sample N-9 N-9 N-9 


DORSAL | VENTRAL 


Bill sheath 
absent 


Black skimmer, Rynchops niger 


Specimen illustrated: Adult male, MCZ 345002. Life-size image page 187. 
Features: (1) Bill laterally compressed. (2) Craniofacial hinge pronounced. (4) 
Frontals thin at orbital edges to create narrow, shelflike orbital rims. (5) 
Braincase angular and reduced. (6) Squamosal broad and concave, creating 
distinctively large grooves at posterior of braincase; occipital ridges (3) well 
developed and give posterior of skull a squared appearance. (7) Palatines large, 
broad, and with concave surfaces (8) to posterior. (9) Postorbital process slender 
and elevated. (10) Interorbital septum large and fills orbit, the bridgelike 
extension between upper foramen and small interorbital fenestra short. (12) Bill 
deep, long, and straight; nasal aperture (11) smaller, linear, with rounded 
anterior edges. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
o 124.65 76.39 61% 37.87 
(102.19-138.33) (61.01-88.64) (31.36-40.14) 
Sample N=6 N=6 N=6 
Q 114.68 69.36 60% 36.77 
(101.56-131.38) (59.89-81.34) (32.00-42.64) 
Sample N=5 N=5 N=5 


The complete skull of a female black skimmer. 
SANTA BARBARA MUSEUM OF NATURAL HISTORY 1294. 


DORSAL VENTRAL 


— Hm Bill sheath 
LATERAL absent 


Family Alcidae: Auks, murres, and puffins 


Atlantic puffin, Fractercula arctica 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 75.32 36.93 49% 31.17 
Sample N=1 N=1 N=1 
Q 72.05 36.07 5096 31.91 
Sample N=1 N=1 N=1 


LATERAL 


Bill sheath 
absent 


Horned puffin, Fratercula corniculata 


Specimen illustrated: Adult male, MVZ 160699. Life-size image page 183. 
Features: (1) Interorbital breadth very narrow and long, allowing views of 
palatine bones (3). (2) Frontal bones thin toward edges, creating shelflike orbital 
rims. (4) Maxillopalatine bones circular; palatine bones (5) broad to posterior, 
with more angular corners. (6) Bill large, distinctive, laterally compressed, and 
very deep; nasal aperture (7) very large and linear, with rounded anterior edges. 
(8) Interorbital septum long and curving; infraorbital fenestra (11) large and 
nearly round. (9) Postorbital processes large and distinctive, with both dorsal and 
ventral projections. 


Greatest length Length Bill/overall Greatest width 


of skull of bill skull percentage of skull 
o 83.24 45.38 55% 33.49 
(82.04-85.31) (42.81-47.97) (32.76-34.29) 
Sample N=4 N=4 N=4 
Q 80.38 41.66 52% 32.44 
(77.77-82.31) (36.69-44.83) (31.03-33.92) 
Sample N=5 N=5 N=5 
DORSAL VENTRAL 


Bill sheath 
absent 


LATERAL 


Family Columbidae: Pigeons and doves 


Mourning dove, Zenaida macroura 


Specimen illustrated: Adult female, SBMNH 4773. Life-size image page 180. 
Features: (1) Braincase large, rounded, and smooth. (3) Occipital complex 
shifted ventrally; foramen magnum (2) on ventral surface of skull. (4) Palatines 
slender and long; maxillopalatines (5) rounded or circular. (7) Orbits very large; 
postorbital processes (11) very low. (8) Interorbital septum elevated, narrow, and 
curving, with hooklike projection (12) on ventral surface. (9) Bill short and 
slender, with slightly decurved tip; nasal aperture (10) long and linear, nearly 74 
of the bill length. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
о 41.67 16.99 41% 16.55 
36.68-44.39 14.59-18.32 15.03-17.31 
Sample N-9 N-9 N-9 
Q 41.54 16.00 39% 16.49 
(40.80-42.33) (13.74-17.42) (16.18-16.96) 


Sample N=7 N=7 N=7 


DORSAL VENTRAL 


Tip of the bill 
sheath remains 


Family Cuculidae: Cuckoos, roadrunners, and anis 


Greater roadrunner, Geococcyx californianus 


Specimen illustrated: Adult female, SBMNH 3285. Life-size image page 183. 

Features: Skull long and slender (1) Lacrimal, or superciliary shield small, 
rounded, and angled to posterior. (2) Interorbital breadth wide; orbital rims 
sometimes perforate (3). (4) Posterior of short braincase squared. (5) 
Premaxillaries broad. (6) Palatines broad to anterior, with rounded corners to 


posterior (7). (8) Bill long, stout, and decurved at tip; nasal aperture (9) small, 
oval, and does not go through the bill all the way. (10) Interorbital septum short 
and deep; (11) interorbital fenestra somewhat square. (12) Postorbital process 
well elevated. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
о 80.60 46.94 58% 28.58 
(72.53-89.97) (39.90-54.88) (27.15-31.87) 
Sample N=4 N=4 N=4 
Q 91.92 56.37 61% 28.96 
(84.00-99.61) (50.62-60.35) (27.05-31.97) 


Sample N=8 N=8 N=8 


DORSAL VENTRAL 


Partial 
bill sheath 


LATERAL 


Family Tytonidae: Barn owls 


Barn owl, Tyto alba 


Specimens illustrated: Adult female, MCZ 334741; adult male with eye ring, 
MVZ 179980. Life-size image page 183. 

Features: Skull longer and thinner than in other owls. (1) Interorbital region 

inflated and laterally compressed. (2) Braincase broad to posterior and tapering 

to anterior; posterior edge rounded and with prominent processes (11) to either 

side. (3) Concave surface to sharp edge of frontals. (4) Palatines broad for much 

of length and lacking posterior corners. (5) Dorsolateral outline distinctive; apex 


of skull above very elevated and swollen braincase, then sloping steeply down 
frontals; frontals (6) also rise steeply from plane of bill. (7) Postorbital process 
very long, curving, and low. (8) Bill long and straight for an owl, then hooked at 
anterior; nasal aperture (9) large and oval but only partially perforate through the 
skull. (10) Sclerotic ring may persist in skulls found in field and are longer than 
most birds, but small for an owl. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 

O 74.63 33.04 44% 41.72 
(71.78-77.40) (31.62-34.47) (38.98-44.40) 

Sample N=7 N=7 N=7 

Q 74.46 33.35 45% 43.06 
(72.02-77.00) (32.28-34.51) (41.80-44.16) 

Sample N=7 N=7 N=7 


DORSAL VENTRAL 


4 
ҷа 


LATERAL 


Partial 
bill sheaths 19 


Family Strigidae: Owls 


Western screech-owl, Otus kennicottii 


Specimen illustrated: Adult male, SBMNH 5056 

Features: Please refer to the eastern screech owl (O. asio) for a full description. 
The two species are very similar, but our measurements indicate that the bill may 
be proportionately larger in western screech owls that in eastern. This can be 
seen when comparing the bill/greatest length of skull ratio: 34% in western 
screech owls and 31% in eastern. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
o 51.52 17.36 34% 38.37 
(49.22-53.39) (16.01-18.85) (36.57-40.40) 
Sample N=6 N=6 N=6 
Q 52.45 18.09 3496 38.72 
(50.73-53.69) (16.80-19.96) (37.07-39.79) 
Sample Nz10 Nz10 Nz10 
LATERAL 
Partial 
bill sheath 


Eastern screech-owl, Otus asio 


Specimen illustrated: Adult, MCZ 341465. Life-size image page 181. 
Features: (1) Skull short and squat, with very broad, short braincase; braincase 
rounded to posterior and with prominent processes (8) at corners. (2) Palatines 
long, slender, and curving; do not make contact (3). (4) Very large sclerotic 
rings; post orbital process (9) prominent. (5) Abrupt, steep rise of frontal bones 
from plane of the bill. (6) Bill short, deep, and hooked; nasal aperture (7) oval, 
tapering to posterior, and does not perforate the rostrum. 


Greatest length Length Bill/overall Greatest width 


of skull of bill skull percentage of skull 
09 54.86 17.15 31% 39.67 
(53.39-57.04) (15.34-18.77) (37.93-41.83) 
Sample N=8 N=8 N=8 


DORSAL — / /A\ VENTRAL 


Bill sheath 
absent LATERAL 


Great horned owl, Bubo virginianus 


Specimen illustrated: Adult male, MVZ 180469. Life-size image page 184. 
Features: (1) Skull short and squat, with very broad, short braincase; braincase 
rounded to posterior and with prominent processes (8) at corners. (2) Palatines 
long, slender, and curving; they do not make contact (3). (4) Very large sclerotic 
rings, a distinctive feature of owl skulls; more often retained in owl skulls found 
in field than in other species. Post orbital process (9) prominent. (5) Abrupt, 
steep rise of frontal bones from plane of bill characteristic of owls. (6) Bill short, 
deep, and hooked (partially covered here by bill sheath); nasal aperture (7) oval, 
tapering to posterior. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 87.22 34.82 40% 64.28 
(80.12-92.34) (31.28-38.11) (61.65-67.98) 
Sample N=12 N=12 N=12 
Q 90.34 35.85 4096 64.87 
(83.85-98.88) (31.00-44.82) (57.01-67.92) 


Sample N=14 N=14 N=14 


DORSAL VENTRAL 


DORSAL 


Partial 
bill sheath 


Family Caprimulgidae: Nighthawks and nightjars 


Common nighthawk, Chordeiles minor 


Specimens illustrated: Adult, MCZ 341480; adult male, ventral view, MVZ 
69315. Life-size image page 179. 

Features: (1) Braincase short, wide, and somewhat trapezoidal. (2) Bill very 

broad and triangular. (3) Interorbital breadth very wide, yet palatines (9) visible 

below. (4) Palatines massive and, viewed together, butterfly-shaped. (5) Orbit 

very large; interorbital fenestra (6) absent. (7) Bill short and flattened; nostrils 

(8) tubular. 


Greatest length Length Bill/overall Greatest width 


of skull of bill skull percentage of skull 
о 36.11 14.23 39% 22.87 
(34.41-37.46) (13.43-14.82) (22.24-23.23) 
Sample Nz10 N=10 N=10 
Q 35.10 13.49 38% 22.12 
(33.25-36.94) (10.98-14.60) (20.86-22.86) 
Sample Nz10 Nz10 Nz10 
DORSAL VENTRAL 


® Bill sheath 
LATERAL absent 


Family Trochilidae: Hummingbirds 


Anna's hummingbird, Calypte anna 


Specimen illustrated: Adult male, MVZ 180483. Life-size image page 179. 
Features: (1) Braincase inflated, round, and smooth with a depressed midline 
(8). (2) Lacrimal bones large and curving. (3) Palatines long and slender, with 
long posterior extensions. (4) Foramen magnum on the ventral surface, as 
occipital complex has been shifted ventrally. (5) Orbits large. (6) Bill very long, 
slender, and terete; tip slightly decurved. (7) Nasal aperture long and linear, 
extending more than % the length of the skull. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
o 32.93 23.12 70% 9.28 
(30.92-34.48) (20.96-25.04) (8.90-9.50) 
Sample N=10 N=10 N=10 
Q 33.26 23.37 70% 9.06 
(31.93-34.04) (21.18-24.08) (8.76-9.28) 


Sample N=10 N=10 N=10 


DORSAL VENTRAL 


Partial 
bill sheath LATERAL 


Family Alcedinidae: Kingfishers 


Belted kingfisher, Ceryle alcyon 


Specimen illustrated: Adult female, SBMNH 3157. Life-size image page 185. 

Features: (1) Squamosals concave, creating large grooves at posterior of 
braincase; occipital crests (3) well developed. (2) Craniofacial hinge 
pronounced. (4) Palatines wide to posterior and distinctive; triangular shelves (5) 
at posterior edge, with small bone projections at their outside edges (6). (7) 


Interorbital fenestra absent. (8) Postorbital process small and elevated. (9) Bill 
long, straight, and slightly laterally compressed; nasal aperture (10) linear, and 
does not perforate the rostrum. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 90.18 55.89 62% 27.37 
(79.50-99.48) (47.03-63.06) (26.06-28.47) 
Sample N=8 N=8 N=8 
Q 89.61 55.06 61% 27.79 
(79.81-99.34) (50.78-63.16) (26.16-29.25) 


Sample N=7 N=7 N=7 


DORSAL VENTRAL 


Bill sheath 
present 


Family Picidae: Woodpeckers 


Nothern flicker, Colaptes auratus 


Specimen illustrated: Adult female, SBMNH 2424. Life-size image page 182. 
Features: (1) Braincase round and smooth. (2) Palatines long, tapering to points 
as tips converge to posterior. (3) Interorbital fenestra absent. (4) Bill long, 
flattened, and relatively straight; nasal aperture (5) oval. 


Greatest length 


of skull 
o 62.36 
(58.56-66.89) 
Sample N=10 
Q 65.66 
(55.80-74.63) 


Sample N-8 


Length 
of bill 


32.80 
(28.45-37.08) 
N=10 


35.54 
(27.38-41.82) 


N=8 


Bill/overall 
skull percentage 


53% 


54% 


Greatest width 
of skull 


22.39 
(21.50-23.29) 


N=10 


23.05 
(21.92-24.42) 


N=8 


DORSAL VENTRAL 


Bill sheath 
present 


Pileated woodpecker, Dryocopus pileatus 


Specimen illustrated: Adult, MCZ 341129. Life-size image page 183. 
Features: Woodpecker skulls are dense. (1) Braincase round and smooth. (2) 
Bill broad and triangular. (3) Orbital rims rugose. (4) Palatines with angular 
posterior corners, tapering to points as they converge to contact (8) at far 
posterior. (5) Interorbital septum short, deep, and sloping. (6) Bill long, 
flattened, and straight; nasal aperture (7) oval. 


09 


Sample 


Greatest length 
of skull 


78.95 
(74.33-83.77) 


N=7 


Length 
of bill 


41.81 
(36.29-43.97) 


N=7 


Bill/overall 
skull percentage 


53% 


Greatest width 
of skull 


28.35 
(27.51-28.99) 


N=7 


DORSAL VENTRAL 


Bill sheath 
absent 


Family Tyrannidae: Tyrant and New World flycatchers 


Eastern phoebe, Sayornis phoebe 


Specimen illustrated: Adult male, MCZ 342566. Life-size image page 179. 
Features: (1) Braincase rounded and smooth. (2) Interorbital breadth narrow. (3) 
Bill broad and triangular. (4) Premaxillaries large and broad. (5) Palatines long 
and very slender, with slender extensions at posterior corners (6). (7) Interorbital 
septum long and slender; interorbital fenestra (10) larger than foramen above. (8) 
Bill longer than cranium, flattened, and relatively straight (partial bill sheath 
creates angle in this specimen). (9) Nasal apertures long and relatively oval. (11) 
Craniofacial hinge straight. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
09 34.23 16.43 48% 14.21 
(33.29-34.97) (15.88-16.98) (13.92-14.52) 


Sample N=4 N=4 N=4 


DORSAL VENTRAL 


Tip of the 
bill sheath 
remains 


Eastern kingbird, Tyrannus tyrannus 


Specimen illustrated: Adult, MCZ 34104. Life-size image page 180. 

Features: (1) Braincase rounded and smooth. (2) Interorbital breadth narrow. (3) 
Bill broad and triangular; craniofacial hinge (11) slim and curved. (4) 
Premaxillaries large and broad. (5) Palatines long and slender, with broad, 
rounded processes at posterior corners (6). (7) Interorbital septum short and 
slender; interorbital fenestra (10) about equal to foramen above. (8) Bill longer 
than cranium, flattened, and relatively straight. (9) Nasal apertures oval. 


Greatest length 


of skull 
о 38.44 
(36.15-40.80) 
Sample N=4 
Q 39.39 
(36.29-41.69) 


Sample N-8 


Length 
of bill 


18.61 
(16.91-21.28) 
N24 


19.40 
(16.95-21.86) 


N-8 


Bill/overall 
skull percentage 


4896 


49% 


Greatest width 
of skull 


16.11 
(15.31-16.67) 
N=4 
16.60 
(14.97-17.98) 
N=8 


DORSAL VENTRAL 


11 


Bill sheath 
absent 


LATERAL 


Family Laniidae: Shrikes 


Loggerhead shrike, Lanius ludovicianus 


Specimen illustrated: Adult male, MVZ 231. Life-size image page 180. 

Features: (1) Cranium broader than long, rounded to posterior and smooth. (3) 
Interorbital breadth relatively narrow; palatines (2) visible below. (4) Palatines 
slender to anterior, but broad to posterior across angular corners; corners (5) 


sharp with long, slender processes pointing to posterior. (6) Interorbital septum 
elevated and long; interorbital fenestra round and smaller. (7) Bill shorter, stout, 
and hooked at tip; bill sheath (9) notched. (8) Nasal aperture small and round. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
o 43.29 19.98 46% 21.18 
(40.56-45.28) (17.98-22.05) (20.27-22.05) 
Sample N-8 N-8 N-8 
Q 43.26 19.67 4596 21.17 
(41.40-45.02) (18.81-21.32) (20.06-21.84) 


Sample N=7 N=7 N=7 


DORSAL VENTRAL 


Bill sheath 
present 


9 


Family Corvidae: Crows and jays 


Blue jay, Cyanocitta cristata 


Specimen illustrated: Adult, MCZ 1047. Life-size image page 181. 

Features: (1) Braincase wider than long, rounded, and smooth. (2) Interorbital 
breadth medium; palatine bones visible below. (3) Bill relatively broad and 
triangular. (4) Palatine bones slender and parallel to anterior, and broad across 
angular posterior corners; additional processes at corners lacking. (5) 
Maxillopalatines damaged in this skull. (7) Interorbital septum deep and well 
fused with bones above; vertical and slender bone (6) separating interorbital 


fenestra (9) and optic canal (10) more apparent, as characteristic of corvids. (8) 
Bill approximately as long as cranium, stout, and slightly angulate; nasal 
aperture (11) large and oval. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
о 58.59 28.81 49% 24.48 
(55.44-61.43) (27.02-30.69) (22.67-24.44) 
Ѕатріе N-10 N-10 N=10 
Q 55.89 26.91 48% 23.55 
(54.21-56.67) (25.55-28.23) (23.23-25.52) 


Sample N=10 N=10 N=10 


DORSAL VENTRAL 


Bill sheath 
absent 


10 9 LATERAL 


Black-billed magpie, Pica hudsonia 


Specimen illustrated: Adult, MCZ 2097. Life-size image page 182. 

Features: (1) Braincase wider than long, rounded, and smooth. (2) Interorbital 
breadth narrow; palatine bones visible below. (3) Bill relatively broad and 
triangular. (4) Palatine bones slender and parallel to anterior, and broad across 
angular posterior corners; posterior edges (7) notched. (5) Maxillopalatines 
damaged in this skull. (6) Vertical bone (6) separating interorbital fenestra (9) 
and optic canal (10) more apparent, as characteristic of corvids; interorbital 
septum large. (8) Bill approximately as long as cranium, stout, and slightly 
decurved; nasal aperture (11) is oval. 


Greatest length 


of skull 
o 67.38 
(65.54-69.31) 
Sample N=8 
Q 65.34 


(61.96-71.98) 
Sample N-8 


Length 
of bill 


32.59 
(30.12-34.92) 


N-8 


31.93 
(27.88-39.96) 


N-8 


Bill/overall 
skull percentage 


48% 


49% 


Greatest width 
of skull 


29.21 
(28.32-30.24) 


N=8 


28.68 
(27.36-30.64) 


N=8 


DORSAL VENTRAL 


Bill sheath 
present 


LATERAL 


American crow, Corvus brachyrhynchos 


Specimen illustrated: Adult female, SBMNH 4356. Life-size image page 184. 

Features: (1) Braincase wider than long, rounded, and smooth. (2) Interorbital 
breadth narrower than in raven, and palatine bones visible below. (3) Bill 
relatively broad and triangular. (4) Palatine bones slender and parallel to 
anterior, and broad across angular posterior corners; posterior edges (7) concave. 
(5) Maxillopalatines converge to posterior. Vertical bone (6) sepa rating 
interorbital fenestra (9) and optic canal (10) more apparent; as characteristic of 
corvids; interorbital fenestra much larger than in ravens. Interorbital septum 


large. (8) Bill longer than cranium, stout, and slightly decurved; nasal aperture 


(11) oval. 


Greatest length 
of skull 


85.43 
(77.76-95.09) 
N=10 


85.14 
(75.15-91.66) 


N=7 


Length 
of bill 


46.62 
(43.06-51.76) 
N=10 


46.20 
(41.02-51.52) 


N=7 


Bill/overall Greatest width 
skull percentage of skull 
53% 2947 
(32.96-39.37) 
N=10 
54% 35.95 
(33.53-38.75) 
N=7 


DORSAL VENTRAL 


Bill sheath 
present 


Common raven, Corvus corax 


Specimen illustrated: Adult, SBMNH 780. Life-size image page 186. 

Features: (1) Braincase wider than long, rounded, and smooth. (2) Interorbital 
breadth wider than in crows and palatines are not visible below. (3) Bill 
relatively broad and triangular. (4) Palatine bones slender and parallel to 
anterior, and broad across angular posterior corners; posterior edges (7) concave. 
(5) Maxillopalatines converge to posterior. Vertical bone (6) sepa rating 
interorbital fenestra (9) and optic canal (10) more apparent; as characteristic of 
corvids; interorbital fenestra much smaller than in crows. Interorbital septum 
large. (8) Bill longer than cranium, stout, and slightly decurved; nasal aperture 


(11) oval. 


Greatest length 
of skull 


112.83 
(107.05-116.46) 
N=4 


109.98 
(107.13-114.75) 


N=4 


Length 
of bill 


67.56 
(63.18-69.63) 
N=4 


65.56 
(63.08-70.45) 


N=4 


Bill/overall 
skull percentage 


60% 


60% 


Greatest width 
of skull 


45.90 
(45.04-47.58) 
N=4 
45.77 
(44.65-48.24) 


N=4 


DORSAL VENTRAL 


Bill sheath 
present 


LATERAL 


Family Hirundinidae: Swallows 


Cliff swallow, Petrochelidon pyrrhonota 


Specimen illustrated: Adult male, MVZ 151930. Life-size image page 179. 

Features: (1) Bill very broad, short, flattened (2), and slightly hooked at tip. (3) 
Interorbital breadth very narrow. (4) Braincase broader than long, rounded to 
posterior and smooth. (5) Slender jugal arches wide apart. (6) Palatines slender, 
taper to anterior, and broad across angular posterior corners; posterior edges (7) 
concave. (8) Interorbital septum horizontal, long, and slender. (9) Frontals rise 


abruptly from plane of bill. (10) Nasal apertures large and oval. 


Greatest length 


of skull 
о 28.11 
(27.77-29.00) 
Sample N=10 
Q 27.72 
(26.67-28.67) 
Sample N=10 


DORSAL 


Length Bill/overall 
of bill skull percentage 
10.87 39% 
(9.88-11.56) 
N=10 
10.57 38% 
(9.96-11.33) 
N=10 


VENTRAL 


Greatest width 
of skull 


15.00 
(14.22-15.83) 
N=10 


15.11 
(14.41-15.70) 


N=10 


Partial 
bill sheath 


Family Paridae: Chickadees and titmice 


Black-capped chickadee, Poecile atricapillus 


Specimen illustrated: Adult, MCZ 7144. Life-size image page 179. 

Features: (1) Braincase large, oval, and smooth. (2) Interorbital breadth very 
narrow. (3) Palatines proportionately shorter, with angular posterior corners; 
pointy processes (4) to posterior; posterior edges (5) concave. (6) Bill short, 
flattened, stout, and much shorter than the cranium; nasal aperture (7) oval. (8) 
Interorbital septum horizontal; ventral fenestra very small (9). (10) Foramen 
magnum on ventral surface. (11) Craniofacial hinge pronounced. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 26.08 9.27 36% 14.26 
(24.44-27.65) (7.43-10.24) (14.06-14.42) 
Sample N=9 N=9 N=9 
Q 25.65 8.88 3596 13.99 
(23.69-27.24) (7.10-9.71) (13.41-14.42) 


Sample N=6 N=6 N=6 


DORSAL VENTRAL 


10 


Bill sheath 


LATERAL absent 


Family Troglodytidae: Wrens 


House wren, Troglodytes aedon 


Specimen illustrated: Adult male, SBMNH 4570. Life-size image page 179. 
Features: (1) Braincase large, round, and smooth. (2) Interorbital very narrow. 
(3) Palatines slender and slightly convergent to anterior; angular posterior 
corners with concave posterior edges (4). (5) Interorbital septum slender and 
very long. (6) Postorbital process slender and at about midline of skull. (7) Bill 
shorter than cranium, narrow, pointed, slightly decurved, and flattened; nasal 
aperture (8) long and oval. (9) Thin jugal arches with very narrow spread. 


Greatest length 


of skull 
O 29.05 
(27.46-32.65) 
Sample N=9 
Q 29.70 
(28.68-30.56) 
Sample N-5 


DORSAL 


Partial 
bill sheath 


Length 
of bill 


13.38 
(11.98-15.46) 
N-9 


13.95 
(12.42-15.32) 


N=5 


Bill/overall 
skull percentage 


46% 


47% 


Greatest width 
of skull 


13.16 
(12.66-14.04) 


N=9 


13.28 
(19.99-13.52) 


N=5 


Family Regulidae: Kinglets 


Ruby-crowned kinglet, Regulus calendula 


Specimen illustrated: Adult female, MVZ 150859. Life-size image page 179. 

Features: (1) Braincase large, round, and smooth. (2) Interorbital very narrow. 
(3) Palatines slender and slightly bowed, with concave lateral edges to anterior; 
angular posterior corners with notched posterior edges (4). (5) Interorbital 
septum slender and very long. (6) Foramen magnum and occipital complex 
shifted ventrally. (7) Bill shorter than cranium, slightly decurved and flattened; 
nasal aperture (8) long and oval. (9) Thin jugal arches with very narrow spread. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
о 25.30 11.21 44% 11.74 
(24.46-27.12) (10.29-13.44) (11.28-12.32) 
Sample N=10 N=10 N=10 
Q 24.64 10.54 43% 11.53 
(23.81-26.08) (9.34-11.77) (10.46-12.04) 


Sample N=10 N=10 N=10 


DORSAL VENTRAL 


Bill sheath 
absent 


LATERAL 


Family Turdidae: Thrushes 


American robin, Turdus migratorius 


Specimen illustrated: Adult female, SBMNH 7122. Life-size image page 180. 

Features: (1) Braincase rounded and smooth. (2) Interorbital relatively narrow. 
(3) Maxillopalatines linear, converging to posterior on vomer. (4) Palatines 
slender and parallel to anterior, angular and notched (5) to posterior. (6) 
Interorbital septum long, slender, and just above midline of orbit; in this 
specimen, the vertical component (7) dividing interorbital fenestra and optic 


foramen broken. (8) Upper foramen long and slender. (10) Bill shorter than 
cranium and relatively slender, tip slightly decurved; nasal aperture (9) large and 
oval. (11) Thin jugal arches straight to outside edges of cranium. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
O 47.71 22.15 46% 19.98 
(46.19-50.06) (20.65-23.81) (19.49-20.55) 
Sample N=10 N=10 N=10 
Q 47.52 22.20 47% 19.96 
(45.32-49.50) (20.63-23.87) (19.23-20.70) 


Sample N=10 N=10 N=10 


DORSAL VENTRAL 


Partial 
bill sheath 


Family Mimidae: Mockingbirds and thrashers 


Northern mockingbird, Mimus polyglottos 


Specimen illustrated: Adult male, SBMNH 1801. Life-size image page 180. 
Features: (1) Braincase round and smooth. (2) Interorbital narrow. (3) 
Maxillopalatines linear, converging to posterior. (4) Palatines slender and 
parallel to anterior, angular and notched (5) to posterior. (6) Interorbital septum 
long, slender, and just above midline of orbit; vertical component (7) dividing 
interorbital fenestra and optic foramen broken. (8) Upper foramen long and 
slender. (9) Bill shorter than cranium and slender, tip slightly decurved; nasal 
aperture (10) large and oval. (11) Cranio facial hinge prominent. 


DORSAL 


11 


Greatest length Length 


of skull of bill 
44.56 21:12 
(40.57-46.20) (18.77-23.32) 
Nz10 Nz10 
44.30 20.30 
(41.84-46.50) (17.19-22.52) 
N=7 N=7 


Tip of the 
bill sheath 
remains 


Bill/overall Greatest width 
skull percentage of skull 
47% 18.24 
(17.49-18.73) 
N=10 
46% 17.88 
(17.44-18.40) 
N=7 
VENTRAL 


LATERAL 


Brown thrasher, Toxostoma rufum 


Specimen illustrated: Adult female, MCZ 343844. Life-size image page 181. 
Features: (1) Braincase round and smooth. (2) Interorbital relatively narrow. (3) 
Palatines slender and, viewed together, narrower; also angular and notched (5) to 
posterior. (4) Foramen magnum and occipital complex shifted ventrally. (6) 
Interorbital septum long, slender, and just above midline of orbit; vertical 
component (7) dividing interorbital fenestra and optic foramen sloping. (8) 
Upper fenestra long and slender. (9) Bill shorter than cranium, slender, and 
slightly decurved; nasal aperture (10) large and oval. (11) Thin jugal arches with 
much narrower spread than in American robin. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
о 53.05 25.63 48% 19.35 
(52.49-53.91) (21.76-28.06) (18.74-19.75) 
Sample N=4 N=6 N=6 
Q 55.50 25.67 49% 19.60 
49.04 (22.83-29.22) (19.39-19.79) 


Sample N=2 N=3 N=3 


DORSAL 


VENTRAL 


Bill sheath 
absent 


California thrasher, Toxostoma redivivum 


Specimens illustrated: Adult male, SBMNH 1140; female with eye ring, 1839 
(p. 31). Life-size image page 182. 
Features: (1) Braincase rounded and smooth. (2) Interorbital narrow. (3) 
Maxillopalatines linear, converging to posterior. (4) Palatines slender and 
parallel to anterior, angular and notched (5) to posterior. (6) Interorbital septum 
long, slender, and just above midline of orbit; vertical component (7) dividing 
interorbital fenestra and optic foramen broken. (8) Upper fenestra long and 
slender. (9) Bill long, slender, and decurved; nasal aperture (10) oval. (11) Thin 


jugal arches straight and attach at outside edges of cranium. 


Greatest length 


of skull 
о 60.01 
(56.97-66.25) 
Sample N=10 
Q 56.66 
(54.52-58.51) 


Sample N=6 


Length Bill/overall 
of bill skull percentage 
31.38 52% 
(28.14-39.31) 
N=10 
29.03 51% 
(26.54-33.04) 
N=6 


Greatest width 
of skull 


22 
(20.61-22.09) 
N=10 


21.10 
(20.69-21.82) 


N=6 


DORSAL VENTRAL 


Bill sheath 
present 


Family Sturnidae: Starlings 


European starling, Sturnus vulgaris 


Specimen illustrated: Adult male, SBMNH 1979. Life-size image page 181. 

Features: (1) Braincase very round and smooth. (2) Interorbital breadth narrow. 
(3) Palatines long, slender, and in contact for more than half of entire length; 
lateral edges (4) concave; posterior edges with rounded notches (9). (6) 
Interorbital septum of medium length; interorbital fenestra (5) rectangular. (7) 


Bill as long as cranium and straight; tomium slightly angulate. (8) Nasal aperture 


oval. 
Greatest length Length Bill/overall 
of skull of bill skull percentage 
O 51.28 27.34 5396 
(48.20-59.04) (25.45-34.09) 
Sample N=7 N=7 
Q 50.83 25.46 5096 


Sample N=1 N=1 


Greatest width 
of skull 


19.30 
(18.88-19.68) 
N=7 
19.11 
N=1 


DORSAL VENTRAL 


Partial 
bill sheath 


Family Parulidae: Wood warblers 


Yellow warbler, Dendroica petechia 


Specimen illustrated: Adult female, SBMNH 4619. Life-size image page 179. 

Features: (1) Braincase very round and smooth. (2) Interorbital breadth 
relatively narrow. (3) Palatines very slender and angular; posterior corner (4) 
with two processes and posterior edges (5) notched. (6) Interorbital septum long, 
slender, horizontal, and at approximately two-thirds height of orbit. (7) 


Postorbital process long, slender, and low. (8) Bill short, straight, pointed, 
compressed, and slightly decurved; nasal aperture (9) oval. 


Greatest length 


of skull 
O 28.45 
(26.99-30.55) 
Sample N=10 
Q 28.79 


(26.53-29.48) 
Sample Nz5 


Length Bill/overall 
of bill skull percentage 
12.56 44% 
(10.96-14.39) 
N=10 
12.95 45% 
(12.34-13.68) 
N=5 


Greatest width 
of skull 


12.43 
(11.80-13.44) 
N=10 


12.74 
(12.16-13.52) 


N=5 


DORSAL A VENTRAL 


Tip of the 
bill sheath 
remains 


Family Emberizidae: Towhees, sparrows, longspurs, and buntings 


Spotted towhee, Pipilo maculatus 


Specimen illustrated: Adult male, MVZ 31378. Life-size image page 179. 

Features: (1) Braincase relatively large, broad, and squared to posterior. (2) Bill 
relatively broad and triangular; tomium (3) angulate, and slope of culmen (4) 
steep. (5) Palatines converge to anterior and have long processes (6) projecting 
at posterior corners. (7) Interorbital septum long, slender, and horizontal; 
interorbital fenestra below and upper fenestra approximately equal in size. (8) 


Nasal aperture oval. (9) Slender jugal arches strongly converge to anterior and 
attach at outside edges of braincase. 


Greatest length 


of skull 
o 34.25 
(32.98-35.72) 
Sample N=7 
Q 33.56 


(31.96-35.60) 
Sample N=7 


Length 
of bill 


12.02 
(11.15-13.88) 
N=7 
12.49 
(11.18-13.75) 


N=7 


Bill/overall Greatest width 
skull percentage of skull 
35% 19.49 
(18.94-20.20) 
N=7 
37% 19.07 
(18.14-20.01) 
N=7 


DORSAL 2 VENTRAL 


Bill sheath 
absent 


3 LATERAL 


Song sparrow, Melospiza melodia 


Specimen illustrated: Adult male, SBMNH 1392. Life-size image page 179. 
Features: (1) Braincase relatively large, oval, and rounded to posterior. (2) Bill 
relatively broad and triangular; tomium (3) angulate, and slope of culmen (4) 
steep. (5) Palatines converge to anterior and have long, complex processes (6) 
projecting at posterior corners. (7) Interorbital septum long, slender, and 
horizontal; interorbital fenestra larger than upper fenestra. (8) Nasal aperture 
oval. 


Greatest length 


of skull 
о 29.71 
(28.64-30.96) 
Sample N-5 
Q 28.50 
(26.80-29.98) 


Sample N=6 


Length 
of bill 


10.29 
(9.63-11.28) 


N=5 


9.84 
(8.00-10.93) 


N=6 


Bill/overall 
skull percentage 


35% 


35% 


Greatest width 
of skull 


15.67 
(15.52-15.91) 
N=5 


15.24 
(14.52-15.83) 


N=6 


DORSAL VENTRAL 


Bill sheath 
present 


3 LATERAL 


Dark-eyed junco, Junco hyemalis 


Specimen illustrated: Adult female, SBMNH 4428. Life-size image page 179. 
Features: (1) Braincase large, oval, and smooth. (2) Bill relatively broad and 
triangular; tomium (3) angulate, and slope of culmen (4) steep. (5) Palatines 
parallel to anterior and have long, complex processes (6) projecting at posterior 
corners. (7) Interorbital septum long, slender, and horizontal; interorbital 
fenestra larger than upper fenestra. (8) Nasal aperture oval. 


Greatest length 


of skull 
o 28.61 
(26.66-29.97) 
Sample N=10 
Q 28.39 
(26.98-29.64) 


Sample N-7 


Length 
of bill 


10.08 
(8.90-11.18) 
N=10 


9.57 
(8.14-10.85) 


N-7 


Bill/overall 
skull percentage 


35% 


34% 


Greatest width 
of skull 


15.28 
(14.66-15.82) 


N=10 


15.72 
(15.34-16.24) 


N=7 


DORSAL VENTRAL 


Bill sheath 
absent 


Family Cardinalidae: Cardinal, grosbeaks, and buntings 


Northern cardinal, Cardinalis cardinalis 


Specimen illustrated: Adult female, MCZ 7974. Life-size image page 179. 

Features: (1) Braincase rounded and smooth. (2) Bill broad and stout; tomium 
(3) very angulate, related culmen (4) sloping steeply. (5) Posterior processes of 
palatines very large and triangular. (6) Interorbital septum large, with extension 


far to posterior and short; much of interorbital region solid. (7) Nasal aperture 
oval. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
o 35.28 12.72 36% 19,44 
(32.90-37.20) (10.34-15.59) (18.29-20.23) 
Sample N=10 N=10 N=10 
Q 34.64 12.44 36% 19.20 
(32.20-36.99) (9.42-15.70) (17.66-20.19) 


Sample N=5 N=5 N=5 


DORSAL VENTRAL 


Partial 
bill sheath 
LATERAL 


Family Icteridae: Blackbirds 


Red-winged blackbird, Agelaius phoeniceus 


Specimen illustrated: Adult male, SBMNH 3563. Life-size image page 180. 

Features: (1) Braincase rounder, wider than long, and smooth. (2) Interorbital 
breadth narrow. (3) Palatines long, slender, curved, and widely separated (10); 
posterior corners with slender processes (4) that point to posterior. (5) 
Interorbital septum short; interorbital fenestra small, smaller than fenestra above. 


(6) Bill deep at base and tapering to tip; tomium (7) angled; culmen (8) first 
sloping up a short distance before sloping steeply to anterior. (9) Nasal aperture 
oval, with small hole through nasal septum. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
o 42.11 18.61 44% 19.33 
(38.63-48.68) (14.35-26.60) (18.87-19.80) 
Sample Nz10 Nz10 N=10 
Q 35.28 16.09 4696 17.73 
(34.32-38.58) (13.42-19.88) (15.32-18.54) 


Sample Nz8 N-8 N=8 


DORSAL VENTRAL 


Partial 
bill sheath 


7 LATERAL 


Western meadowlark, Sturnella neglecta 


Specimen illustrated: Adult female, MVZ 54450. Life-size image page 181. 
Features: (1) Braincase oval, wider than long, and smooth. (2) Interorbital 
breadth narrow. (3) Palatines long and slender, with concave lateral edges; 
posterior corners with slender, rounded processes (4) that point to posterior. (5) 
Interorbital septum long, slender, and sloping to posterior; interorbital fenestra 
much larger than fenestra above. (6) Bill deep at base and tapering to tip; 
tomium (7) angled; culmen (8) first sloping up a short distance before sloping 
steeply to anterior. (9) Nasal aperture oval. 


Greatest length 


of skull 
о 54.91 
(49.48-63.22) 
Sample N=10 
Q 52.13 
(49.96-56.33) 


Sample N-5 


Length 
of bill 


27.92 
(23.03-35.08) 
N=10 


26.45 
(24.74-30.72) 


N=5 


Bill/overall 
skull percentage 


51% 


51% 


Greatest width 
of skull 


21.53 
(20.78-22.12) 
N=10 


20.82 
(20.11-21.61) 


N=5 


VENTRAL 


Bill sheath 


LATERAL 
absent 


Common grackle, Quiscalus quiscula 


Specimen illustrated: Adult male, MCZ 2486. Life-size image page 181. 
Features: (1) Braincase oval, wider than long, and smooth. (2) Interorbital 
breadth narrow. (3) Palatines long and slender; posterior corners with slender, 
rounded processes (4) that point to posterior well forward of posterior edge (10). 
(5) Interorbital septum long and deep; interorbital fenestra slightly smaller than 
fenestra above. (6) Bill deep at base and tapering to tip; tomium (7) angled; 
culmen (8) first sloping up a short distance before sloping steeply to anterior. (9) 
Nasal aperture oval, with only a small opening through the nasal septum. 


Greatest length 


of skull 
о 60.70 
(56.14-64.10) 
Sample N=10 
Q 55.92 
(53.76-57.96) 


Sample N=7 


Length 
of bill 


31.02 
(26.70-32.51) 


N=10 


27.02 
(24.06-28.47) 


N=7 


Bill/overall 
skull percentage 


51% 


48% 


Greatest width 
of skull 


22.30 
(21.27-23.25) 


N=10 


21.13 
(20.82-21.55) 


N=7 


DORSAL VENTRAL 


Partial 


LATERAL bill sheath 


Baltimore oriole, Icterus galbula 


Specimen illustrated: Adult female, MCZ 2584. Life-size image page 180. 
Features: (1) Braincase oval and smooth. (2) Interorbital breadth narrow. (3) 
Palatines long and slender; posterior corners with slender processes (4) that point 
to the posterior. (5) Interorbital septum long, slender, and sloping to posterior; 
interorbital fenestra much larger than fenestra above. (6) Bill deep at base and 
tapering to pointed tip; tomium (7) angled; culmen (8) slopes to anterior. (9) 
Nasal aperture oval. (10) Maxillopalatines curved and converging to posterior. 


Greatest length 


of skull 
O 38.79 
(36.84-39.94) 
Sample N=10 
Q 37.51 
(35.87-39.43) 
Sample N-7 


DORSAL 


LATERAL 


Length Bill/overall 
of bill skull percentage 
18.06 47% 
(15.49-19.07) 
N=10 
16.84 45% 
(14.77-18.98) 
N=7 


VENTRAL 


Greatest width 
of skull 


17.28 
(16.78-17.67) 
N=10 


17.30 
(17.11-17.52) 


N=7 


Bill sheath 
absent 


Family Fringillidae: Finches 


Red crossbill, Loxia curvirostra 


Specimens illustrated: Adult, MCZ 2426. Life-size image page 179. 

Features: (1) Braincase oval, wider than long, and smooth. (2) Interorbital 
breadth relatively wide. (3) Bill sheath bent and curving right; actual bone of bill 
straight. The lower mandible bill sheath curves the opposite way, creating the 
crossed bill. (4) Palatines relatively short and broad; lateral edges (5) very 
curved and concave; posterior processes (4) large and rounded; posterior edges 
(6) deeply notched. (7) Interorbital septum large, with short, sloping extension at 
posterior edge of orbit; much of interorbital region solid. (8) Bill conical and 
stout; tomium (9) very angulate; culmen (10) steeply sloping to anterior. (11) 
Nasal aperture oval. 


Greatest length Length Bill/overall Greatest width 
of skull of bill skull percentage of skull 
o 35.12 17.98 51% 19.27 
(30.94-38.04) (13.90-19.56) (17.48-20.34) 
Sample N=8 N=8 N=7 
Q 35.91 17.42 49% 19.32 
(33.83-37.78) (15.16-18.33) (16.94-20.98) 


Sample N=7 N=7 N=7 


DORSAL VENTRAL 


Bill sheath 
present 


American goldfinch, Carduelis tristis 


Specimen illustrated: Adult male, SBMNH 4636. Life-size image page 179. 
Features: (1) Braincase large and oval, wider than long, and smooth. (2) 
Interorbital breadth relatively broad. (3) Palatines short and wide apart (5); 
posterior processes (4) sharp and angular. (6) Postorbital processes long and 
slender. (7) Interorbital septum large, with short, sloping extension at posterior 
edge of orbit; much of interorbital region solid. (8) Bill conical and stout; 
tomium (9) very angulate; culmen (10) steeply sloping to anterior. (11) Nasal 
aperture oval. 


Greatest length Length Bill/overall Greatest width 


of skull of bill skull percentage of skull 
O 23.73 9.66 4196 12.75 
(21.44-26.00) (6.95-12.08) (12.19-13.43) 
Sample N=10 N=10 N=10 
Q 23.44 9.78 42% 12.53 
(21.97-25.45) (8.5-12.44) (12.24-12.90) 
Sample N=9 N=9 N=9 


DORSAL VENTRAL 


LATERAL 


Partial 
bill sheath 


Evening grosbeak, Coccothraustes vespertinus 


Specimen illustrated: Adult male, MCZ 7814. Life-size image page 180. 


Features: (1) Braincase large and swollen, with ridges (4) developing in adults. 
(2) Interorbital breadth very wide. (3) Bill short, broad, and very stout; 
premaxillaries (5) very large and broad. (6) Palatines angled and converge to 
anterior; posterior processes (8) at corners large and notched; inner structures (7) 
slim and widely separated. (9) Post orbital processes stout. (10) Interorbital 
septum large, with short, sloping extension at posterior edge of orbit; much of 
interorbital region solid. (11) Bill conical, stout, and decurved; tomium (14) very 
angulate; culmen (12) steeply sloping to anterior. (13) Nasal aperture oval to 
round with only a very small perforation of the nasal septum. (15) Jugal arches 


are much taller than they are wide. 


Sample 


Sample 


Greatest length 


of skull 
39.99 
(36.26-41.73) 
N=10 


40.21 
(38.60-41.08) 


N=10 


Length 
of bill 


17.48 
(14.90-18.45) 
N=10 


17.45 
(15.79-18.35) 


N=10 


Bill/overall 
skull percentage 


44% 


43% 


Greatest width 
of skull 


20.35 
(18.20-20.77) 
N=10 


20.39 
(19.03-21.12) 


N=10 


VENTRAL 


LATERAL 


Bill sheath 


Here is a visual account of thirteen common and representative amphibians and 
reptiles from North America. Lizards often have a hole on the dorsal surface of 
the brain cavity, called the pineal foramen, which is a structure that senses light 
in the primitive nervous system. Also note the many simple teeth in most reptiles 
and amphibians. These are ideal for holding slick prey, maneuvering them, and 
then swallowing them whole. The pitted appearance of some species, such as the 
alligator, allows for an armor-like adherence of skin to bone. The following 
pages hint at the diversity in these vast and varied classes of creatures. 


Pacific giant salamander (Dicamptodon ensatus). MUSEUM 
OF VERTEBRATE ZOOLOGY, UC BERKELEY, 229345. 


Gila monster 


Order Anura: Frogs and toads 


Western toad, Bufo boreas 


Specimen illustrated: Adult, MVZ 142849 
Greatest length of skull: 24.56 mm (1 in.), measured A-B 
Life-size image page 189 
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American bullfrog, Rana catesbeiana 


Specimen illustrated: Adult, MVZ 175959 
Greatest length of skull: 43.40 mm (1.7 in.), measured A-B 
Life-size image page 189 


DORSAL 


VENTRAL 


LATERAL 


Order Caudata: Salamanders 


Pacific giant salamander, Dicamptodon ensatus 


Specimen illustrated: Adult, MVZ 229345 
Greatest length of skull: 24.49 mm (1 in.) 
Life-size image page 189 


DORSAL 


VENTRAL 


LATERAL 


Order Squamata: Lizards and snakes 
Suborder Sauria: Lizards 


Green anole, Anolis carolinensis 


Specimen illustrated: Adult male, private collection 
Greatest length of skull: 20.64 mm (8/10 in.) 
Life-size image page 189 
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Gila monster, Heloderma suspectum 


Specimen illustrated: Adult, MVZ 247626 
Greatest length of skull: 57.52 mm (23/10 in.) 
Life-size image page 189 


DORSAL 
VENTRAL 
LATERAL 


Common chuckwalla, Sauromalus ater 


Specimen illustrated: Adult, MVZ 52505 
Greatest length of skull: 37.88 mm (1°/10 in.) 
Life-size image page 189 
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Eastern fence lizard, Sceloporus undulatus 


Specimen illustrated: Adult, MVZ 137647 
Greatest length of skull: 12.08 mm (°/10 in.) 
Life-size image page 189 
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Suborder Serpentes: Snakes 


Common garter snake, Thamnophis sirtalis 


Specimen illustrated: Adult male, MVZ 93206 
Greatest length of skull: 15.54 mm (6/10 in.), measured А-В 
Life-size image page 189 
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Order Crocodilia: Crocodiles and relatives 


Alligator, Alligator mississippiensis 


Specimen illustrated: Subadult, MVZ 191313 
Greatest length of skull: 271.22 mm (107/10 in.) 
Life-size image page 191 
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Order Testudines: Turtles and tortoises 


Leatherback sea turtle, Dermochelys coriacea 


Specimen illustrated: Subadult female, SBMNH 5085 
Greatest length of skull: 272.04 mm (107/10 in.) 
Life-size image page 192 
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Snapping turtle, Chelydra serpentina 


Specimen illustrated: Adult male, SBMNH 3672 
Greatest length of skull: 119.72 mm (47/10 in.) 
Life-size image page 190 
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Note presence 
of bill sheath 


Desert tortoise, Gopherus agassizii 


Specimen illustrated: Adult female, SBMNH 2682 
Greatest length of skull: 58.96 mm (23/10 in.) 
Life-size image page 190 
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Eastern box turtle, Terrapene carolina 


Specimen illustrated: Adult, MVZ 38453 
Greatest length of skull: 41.84 mm (19/10 in.) 
Life-size image page 189 
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